Support requirements for remote sensor systems on unmanned planetary missions, phase 3 by unknown
/3 -/)1 ,LA9 P 6 7L/C
Support Requirements
For Remote sensor
Systems On Unmanned
Planetary Missions
SD 70-375-1
(NASA-CR-114403) SUPPORT REQUIREMENTS FOR
REMOTE SENSOR SYSTEMS ON UNMANNED PLANETARY
0ISSIONS, PHASE 3 (North American Rockwell
Corp.) Jun. 1971 216 p CSCL 22A
CATEGORY)
5A CR OR T MX OR AD N
apace Division
01,% North American Rockwell
Reproduced by
NATIONAL TECHNICAL
INFORMATION SERVICE
Springfield, Va. .22151 1
unclas
12068
.
.40
https://ntrs.nasa.gov/search.jsp?R=19720007204 2020-03-23T14:37:30+00:00Z
SD 70-375-1
support Requirements
For Remote sensor systems
On Unmanned
Planetary Missions
Phase III of Contract NAS2-5647
June 1971
Prepared for
Advanced Concepts and Missions Division
National Aeronautics and Space Administration
Space Division0 North American Rockwell
Space Division
'By North American Rockwell
pRECEDIVG PAGE BLANK NOT FILM M
FOREWORD
This report presents the results of a study to
determine the support requirements for remote sen-
sor systems on unmanned planetary missions and to
establish sensor and experiment groupings for
selected missions. Computer programs were devel-
oped to relate measurement requirements to support
requirements. Support requirements were deter-
mined for sensors capable of performing required
measurements at various points along the trajectories
of specific selected missions.
This study represents Phase III of a three-phase
program conducted by North American Rockwell for
the National Aeronautics and Space Administration,
Office of Advanced Research and Technology,
Advanced Concepts and Missions Division, under
contract NASZ-5647. Phase I of the program, which
is covered in Report SD 70-24, established the
scientific and engineering objectives for planetary
exploration and identified the measurement require-
ments needed to fulfill these objectives. Phase II,
covered in Report SD 70-361, defined candidate sen-
sor types suitable for future planetary missions and
developed scaling laws depicting the relationships
between the sensors, the measurements, and the
sensor support requirements.
A summary of the entire three-phase program is
presented separately in Report SD 71-487.
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1.0 INTRODUCTION
Effective use of remote sensing systems on unmanned spacecraft to
explore the planets of our solar system requires a knowledge of observation
and measurement requirements, capabilities of sensor systems, and sup-
port requirements for the sensor systems. The scientific and engineering
knowledge and measurement requirements for planetary exploration in the
1975-1985 time period were determined and evaluated previously (Refer-
ence 1). Candidate sensor types compatible with these requirements were
subsequently identified, and scaling laws were developed depicting design
and performance parameters versus support requirements. A Space
Experiment Requirements Analysis (SERA) computer program was then
developed for application of these scaling laws to determine the support
requirements for each sensor at specific points along selected mission
trajectories (Reference 2).
Specific study objectives covered in this report are to: (1) calculate
additional flyby and orbiter trajectory parameter data required for evalua-
tion of sensor support requirements; (2) use SERA program to apply sensor
scaling laws which relate measurement requirements to sensor design
characteristics and support requirements; (3) establish compatible imaging,
non-imaging, and integrated sensor families for selected flyby and orbiter
missions; and (4) establish support requirements for sensors included in
these families.
Missions included within the scope of this study are listed in
Table 1-1. This is not a mission study. Its purpose is to provide a range
of reasonable operational conditions to show their effect on sensor support
requirements. For each of these missions, the measurement requirements
needed to meet observation objectives were established by means of
computer techniques described in Reference 2. The determination of sensor
support requirements through application of scaling laws developed in this
reference is discussed in Section 3 of the present report, which includes
tabulations of assumptions, options, and input data for each sensor type
considered. Section 3 also contains a summary of the computer program
used to evaluate measurement and support requirements, as well as a discus-
sion of mission analysis methodology used to establish required trajectory
data and planetary surface area coverage requirements. Sensor capabilities
and support requirements at selected trajectory points are developed and
summarized. In Section 4, compatible imaging, non-imaging, and integrated
sensor families are developed for each of the missions indicated in Table 1-1,
and the support requirements are established and tabulated.
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Table 1-1. Missions Considered in Study
Observations of Pluto, natural satellites, and interplanetary space
are not included in the study. State-of-the-art considerations are limited
to sensors per se, without regard to the ability of spacecraft to meet the
sensor support requirements.
A separately bound volume, Appendix A, contains sensor support
requirements tables summarizing support requirements and measurement
capabilities for each of the pertinent sensor types on each of the previously
referenced missions. Another separate volume, Appendix B, is a computer
program user's manual for the scaling law subroutine portion of the SERA
program.
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1984 Earth- Mercury
1980 Earth - Venus
1982 Earth- Venus - Mercury
1976 Earth - Jupiter - Saturn
1978 Earth - Jupiter* - Uranus - Neptune
1978 Earth - Jupiter - Saturn - Pluto**
1984 Mercury Orbit No. 1
1984 Mercury Orbit No. 10
1977 Venus Orbit No. 9
1984 Mars Orbit No. 1
1984 Mars Orbit No. 8
1978 Jupiter Orbit No. 1
1978 Jupiter Orbit No. 9
1978 Jupiter Orbit No. 11
*Sensor requirements not considered at this
encounter.
".*Pluto outside scope of study.
''^ North American Rockwell
The logical flow of this final study phase is depicted in Figure 1-1,
which indicates the procedures used to develop and integrate the data
regarding sensor systems and support requirements for the specific mis-
sions considered during the study. The numbers shown in each box refer
to the sections of this report where the procedures are discussed and the
data presented.
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2.0 SUMMARY
This report presents results of calculations of remote sensor measure-
ment capabilities and support requirements for unmanned planetary flyby and
orbiter missions. Compatible imaging, non-imaging, and integrated sensor
families are also presented for each mission. The effort reported here
began with calculation of the trajectory segments on which each sensor must
operate to view the required planetary surface areas on each encounter. The
scaling law for the sensor type in question was used to evaluate its support
requirements. Reiteration of the area coverage computation might be neces-
sary. If the sensor design exceeded a state-of-the-art limit, the scaling law
might be reapplied with a different choice of detector element, etc. The
sensor worth was evaluated in terms of its capability to meet observation
requirements whose intrinsic worth was given. For each mission, compat-
ible families of imaging and non-imaging sensors were defined, and were
integrated in the case of outer-planet flybys and inner-planet and Jupiter
orbiters.
Twelve planetary flyby missions launched in the 1976-1984 time period
were considered. Of these, the following six were selected for definition of
sensor support requirements and grouping analysis:
Earth-Mercury (1984)
Earth-Venus (1980)
Earth-Venus-Mercury (1982)
Earth-Jupiter-Saturn (1976)
Earth-Jupiter-Uranus-Neptune (1978)
Earth- Jupiter-Saturn- Pluto (1978)
Observations at Pluto are outside the scope of the study, but the
requirement to fly by Pluto constrains the Saturn encounter in the last of
these missions. In addition, nine orbital missions to Mercury, Venus, Mars,
and Jupiter were used in definition of non-imaging sensors. Imaging sensor
support requirements and compatible families for these orbital missions
were established earlier.
Sensor scaling laws were incorporated as subroutines of a computer
program that evaluates sensor support requirements to satisfy given observa-
tion requirements from a specified trajectory. The subroutines, described
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in Appendix B, represent the following sensor types by synthetic, parametric
design procedures fitted to sensor state-of-art data:
Visible/UV spectrometer
TV camera
Laser radar
Far IR radiometer (thermal mapper)
Filter radiometer
Polychromatic radiometer
Scanning spectrometer
Michelson interferometer
Mapping microwave radiometer
Measuring microwave radiometer
Microwave spectrometer
Synthetic aperture radar
Radio occultation system
Radio polarimeter
In addition, point design data were used to generate support requirements
for particle and field sensors.
A three-step approach was used in determining sensor planetary sur-
face area coverage: (1) select a terminal planet flyby trajectory based on
stated science objectives, (2) generate appropriate trajectory data time
histories, and (3) compute surface area coverage, in percent of total planet
area, based on supplied sensor start and stop altitudes.
Condensed tables of the sensor measurement capabilities and support
requirements are presented in Appendix A.
Sensor families are developed for each of the above-listed flyby and
orbiter missions. A sensor family is defined as a set of remote sensors
that can perform required observations while on a given mission trajectory.
Families are developed at two levels: (1) optimal, in which each sensor
meets the maximum measurement requirements for the mission and
(2) marginal, in which the sensor is designed to meet only the observation
requirements representing a marginal increase of information.
For selected missions, separate families are developed for imaging
and for non-imaging sensors, and also for integrated groupings consisting
of both imaging and non-imaging sensors. Sensor families are established
without reference to possible interference between sensors; but in cases of
probable inter-sensor interference, this is appropriately annotated.
The significance and utility of the study methods and results are sum-
marized, and recommendations are made for additional effort.
2-2
SD 70-375-1
Space Division
North Amencan Rockwell
3.0 SUPPORT REQUIREMENTS
The first major effort in this study phase was the evaluation of support
requirements and measurement capabilities of individual remote sensors on
specific missions. This section describes the methods and assumptions
adopted to perform this evaluation by means of the scaling laws developed
earlier (References 2 and 3). The mission analysis methods and results
are presented. Finally, the sensor capability, worth, and support require-
ments evaluation is illustrated by an example, and limitations on the com-
patibility of sensors with missions are discussed. Details of the scaling
law application results are given in Appendix A.
3. 1 METHODOLOGY
3. 1. 1 Scaling Law Applications
Remote sensor scaling laws (References 2 and 3) are procedures
for the synthetic parametric design of sensors capable of satisfying given
measurement requirements. The state-of-the-art (SOA) limitations on
sensor instrumentation and the encounter trajectory constrain sensor capa-
bilities and may prevent attainment of the desired quality or quantity of
observations. The observation requirements have been stated (Reference 1)
in terms of mission-independent planetary properties corresponding to two
levels of attainment:
Level I. Optimal, i. e., the level which meets all requirements of a
type of observation related to full satisfaction of the observation
objectives.
Level II. Marginal, i. e., the level which barely advances present
knowledge of planetary environments.
The observation requirements must be restated in terms of parameters that
describe sensor capabilities (Reference 2). This restatement involves
trajectory data on which the ability of a sensor to perform a specified
observation or set of observations depends. Measurement requirements
derived from the observation requirements and the trajectory data are
inputs to the scaling law application procedure. Outputs are the capability
of the sensor (expressed by the same parameters as the measurement
requirements), the sensor support requirements, and the worth of the
sensor (which is a measure of its support of the observation objectives and
of the relative scientific importance of those objectives).
3-1
SD 70-375-1
'|r Space Division
North Amencan Rockwell
When the scaling law application proceeds from the optimal (Level I)
observation requirements, one of the following situations exists in the case
of any given planetary encounter or orbit:
1. One sensor type is fully capable of the required measurements.
2. Two or more sensor types in combination are fully capable of the
required measurements. (This situation arises, for example,
when the required spectral band is wider than the response range
of a single type).
3. One or more sensor types can exceed the marginal (Level II)
measurement requirements, but are prevented by SOA limits
and/or the trajectory from meeting the optimal requirements.
4. One or more sensor types can just meet the marginal measurement
requirements.
5. No sensor type or combination can meet the marginal measurement
requirements.
6. The SOA is such that all sensors of the appropriate type satisfy
the optimal measurement requirements. (This situation arises
with regard to the small antenna diameters needed for some radio
occultation measurements. )
When the scaling law application proceeds from the marginal
(Level II) measurement requirements, the situations of interest
are 4 and 5 above, and
7. The SOA is such that all sensors of the appropriate type must
exceed the marginal measurement requirements, but need not
meet or exceed the optimal requirements.
If situation 4 or 6 exists, the support requirements and sensor
worth corresponding to the two levels are identical. If situation 5
exists, the support requirements are irrelevant and the sensor
worth is zero.
In relating the sensor measurement capability, worth, and support
requirements to the trajectory, one of the following situations
aris es:
a. The observation requires attainment of a given spatial
resolution throughout a specified fraction of the planetary
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surface area. Often this area must satisfy limits on latitude
and solar illumination. The sensor must be operated, con-
tinuously for purposes of this discussion, throughout a
trajectory segment bounded by points P1 and P2 as shown in
Figure 3-1. The sensor support requirements for the
encounter are defined by the points on this segment which
lead to the most stringent requirements, so that the sensor
meets all capability requirements at every point on the
segment. Usually a single point, often the first (highest)
point, defines the support requirements for the trajectory.
It is possible that some support requirements are set by one
point, other requirements by a second point, etc. , so that
the net requirements are the outer envelope of the point-by-
point requirements. If requirements set by one point are
incompatible with requirements set by another point, then
two sensors of the given type must be employed during the
encounter, each during a different portion of the segment
(P1, P2). (This last situation did not arise in this study).
The determination of points P1 and P 2 is discussed in
Section 3. 2. Their location usually depends on whether the
optimal or marginal observation requirements are considered.
b. The measurement requirements can be met by an observation
performed from one point P3 on the trajectory. The location
of this point usually depends on whether the optimal or
marginal observation requirements are considered. Either
there is no surface area coverage requirement, or the
required area can be viewed at once. The sensor measure-
ment capability, worth, and support requirements are
evaluated at P3. A related case occurs when the observation
is performed at each of a finite set of discrete points selected
independently of measurement requirements. The sensor
support requirements are the envelope of the mutually com-
patible requirements at these points, as in situation (a). A
radio occultation experiment, performed at entrance and
exit, is an example.
c. The measurement requirements are all independent of the
trajectory. An arbitrary point is selected for purposes of
computing the sensor measurement capability, worth, and
support requirements.
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OBSERVATION GEOMETRICALLY
IMPOSSIBLE BEYOND P4
P4
P2 (r = r') (OPTIMAL CAPABILITY)
P3 (OBSERVE FROM SINGLE POINT)
Pg (OBSERVE FROM SINGLE POINT)
P1 (.= r') (OPTIMAL CAPABILITY)
TRAJECTORY
Figure 3-1. Measurement Capabilities Along a
Trajectory Segment
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d. A specific sensor design can meet or exceed the observation
requirements, independently of the trajectory. The scaling
law for this sensor type degenerates to this point design.
The sensor measurement capability, worth, and support
requirements are fixed.
Specific Applications
Table 3-1 summarizes application of scaling laws to specific remote
sensor types and observation objectives. The scaling laws for imaging
sensors are to be applied only at Saturn, Uranus, and Neptune. Support
requirements of imaging sensors at Mercury, Venus, Mars, and Jupiter
are discussed in Reference 3. Scaling laws for non-imaging sensors are
to be applied to all planets except Earth and Pluto. Whether a sensor is
imaging is indicated in Table 3-1; an imaging sensor produces a continuous
two- or three-dimensional distribution of some environmental parameter
(topographic height, temperature, albedo, etc.) over some part of the
planet.
Additional information appears as follows:
1. Sensor Support Requirements Tables, Appendix A
2. Scaling Law Subroutines, Appendix B.
3. Output of Space Experiment Requirements Analysis computer
program, copies of which are held by the NASA Technical
Monitor and the NR Program Manager.
3. 1. 2 Measurement Requirements Computer Program
The processing of information relating to observation requirements,
measurement requirements, sensor measurement capabilities, and sensor
support requirements is accomplished in this study by means of a Space
Experiment Requirements Analysis computer program (SERA). Since the
entire SERA program requires the use of core storage exceeding that
available, SERA is structured as three modules called into execution by an
executive program with the use of overlay techniques. Briefly, the three
modules perform the following operations:
1. Module 1 (SERA-1) stores and prints the observation requirements,
stated in terms of intrinsic properties of the observed planet.
2. Module 2 (SERA-2) converts the observation requirements to
measurement requirements, stated in terms of intrinsic properties
3-5
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Table 3-1. Applications of Remote Sensor Scaling Laws
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Flyby Missions Orbital Minions
Earth- Earth- Earth- Earth- Earth- Earth- Mercury Venus Mars Jupiter
Sensor Mercury Venus Venus- Jupiter Jupiter' Jupiter- 1984 1977 1984 1978
Mercury Saturn Uranus- Saturn-
Neptune Pluto-' Orbit Orbit Orbit Orbit
1984 1980 1982 1976 1978 1978 1 10 1 9 1 8 1 9 11
(2) (3) (6) (7) (9) (12)
No. Name Type M V V M J S U N J S M M V V M M J J J
1. Television camera 0 - - - - - 0 0 0 - 0 0 0 0 0 0 o o o 0 o
2. Camera system 0 0 0 o0
3. Microwave radiometer, mapping 0 - - - - - 0 0 0 - 0 0 o o
4. Microwave radiometer, measuring 0 0 0 * 0 * * * * * * * * * * * * O 
5. Synthetic aperture radar- 0 - - - 0 0 0 - 0 0 0
6. Noncoherent radar system 0 0 0 0
7. Flux-gate magnetometer * 0 * * * * * * * * * * * o
8. Helium magnetometer * * * * * * * * * * * * 
9. Scintillation spectrometer * 0 * * * * o
10. Charged-particle spectrometert ·
11. Electrostatic or Faraday cup analyzer * * 0* 
12. Geiger-Mueller counter array 0 0 0* 
13. Proportional counter array * · * * 
14. Radio polarimeter ''* - _ 
15. Filter radiometer- 0 0 · 0 * * * * h * l) C!)* * * * * * * * * 0
16. Far I R radiometer 0 - - - - - 0 - o O o o o 0 0 0
17. Polychromator radiometer * 0
18. Scanning spectrometer" O -- - O 0 00
19. Michelson interferometer ' · (- - - * * O
20. Visible/UV photometer O - + + - + + + + + +
21. Visible/UV spectrometer ** · · · * ·* * *
22. Laser radar * * * 0 0 * 0 0 + · * · * * * O
23. Bi-frequency radio occultation receiver 0 X 0 0 X x0 0 0 0 * X · 0 0 0
24. Visible polarimeter 0 .
25. Proportional counter telescope 0
26. Solid-state telescope 0 0 0 0 0
27. Li61 spectrometer · 0 0 0 0
28. Curved plate plasma spectrometer 0 · _ _ * 
LEGEND
o Imaging sensor D Optimal capability
* Nonimaging sensor Z Marginal capability
- Not within scope of study, or requirement for sensor does not exist f Observation requirements deal with airglow emission spectra;
' Planetary coverage at this encounter outside scope of study airglow emission properties not readily available
·' Pluto outside scope of study x No sensor designed; Earth occultation does not occur
t See Item 26, solid-state telescope + Sensor design within state-of-art limitations not possible
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of generic sensor types, at selected points on a specified planetary
encounter trajectory or orbit.
3. Module 3 (SERA-3) uses sensor scaling laws to design a sensor
of a given type to satisfy a set of measurement requirements,
subject to state-of-the-art limitations, and then calculates the
sensor support requirements.
Module 1 was described in Reference 1, Appendix D. A user's manual
for the executive program and all three modules was prepared as the
Appendix of Reference 2.
Module 3 calls a subroutine which embodies the set of scaling laws
for the sensor type specified in input data to Module 3, as determined by
the nature of the observation requirements. Subroutine names are listed
in Table 3-2. The LIDAR and SPVIS subroutines were included in the
Appendix of Reference 2. Listings, definitions of variables and input/
output formats, array and load module maps, sample data and results, and
user's instructions for the other subroutines are presented in Appendix B
of this report. Appendix B also describes changes made in the main pro-
gram ands subroutines since issuance of Reference 2.
Table 3-2. Sensor Scaling Law Subroutines
3-7
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Subroutine Name Sensor Type
SPVIS Visible/UV spectrometer
IMVIS TV camera
LIDAR Laser radar
RADIR Far IR radiometer (thermal mapper)
SPIRD Filter radiometer
Polychromatic radiometer
Scanning spectrometer
Michelson interferometer
RDMIC Mapping microwave radiometer
Measuring microwave radiometer
Microwave spectrometer
SNADR Synthetic aperture radar
OCULT Radio occultation system
Radio polarimeter
.
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3.2 MISSION ANALYSIS
A basic objective of the subject contract effort was development of
suitable scaling laws relating mission support requirements to the measure-
ment capabilities of the sensors along with the methodologies for application
of these laws to representative cases. To provide meaningful observational
data for these representative cases, a selected set of mission profiles and
the accompanying planetary encounter trajectory data were generated.
A NASA-developed trajectory computer program was provided at the
outset of the study to generate the necessary trajectory data. This program
was subsequently included as a basic module in the final version, which
included an automated graphical output of data along with a time-sequenced
pictorial display of the encounter planet as seen from the flyby spacecraft.
NASA SP-35 formed the basic reference for heliocentric trajectory
parameters related to specified mission sets, except for the mini-tours for
which special trajectory data was supplied by NASA.
3. 2. 1 Flyby Missions
The total set of unmanned missions included in this study are flybys
of Mercury and Venus (including a Venus swingby mission to Mercury),
flybys of Saturn using a Jupiter swingby mode, multiplanet flybys (mini-
tours) of Jupiter-Saturn-Pluto and Jupiter-Uranus-Neptune. At least two
mission opportunities for each specified planetary set were evaluated.
As a consequence of the inherent planetary alignments, the time
period under consideration for swingby missions to the outer planets was
restricted to the latter half of the 1970 decade.
3. 2. 1. 1 Mission Selection
A basic criterion used in'this study for the selection of the mission
sets was a minimal Earth departure energy commensurate with a "close"
encounter with the individual encounter planets. A minimum value (1/4 planet
radii) for the altitude of closest approach to Jupiter was selected to alleviate
the guidance and navigation requirements, and the Saturn flybys were
restricted to an external passage of the rings.
3-8
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To set the character of the individual mission sets in proper perspec-
tive in terms of the planetary features and the selection rationale, the
following discussion is presented for each of the mission sets:
Mercury Direct. A Mercury mission should provide a significant
contribution to the knowledge of both the planet and its solar environment.
Planetary mass determination, surface features, and magnetic field char-
acteristics are but a few of several areas on which very little information
is available.
At least three launch opportunities for direct flyby missions to
Mercury occur during each year; these opportunities in turn occur near the
date of an inferior conjunction* of Mercury. Since the orbit of Mercury
has a significant inclination and a large eccentricity, only one launch oppor-
tunityyields minimal Earth departure velocity; hence, only one opportunity
per calendar year is of interest.
Two mission opportunities were selected for this study corresponding
to the third inferior conjunction for each of two years, 1982 and 1984,
corresponding to the following respective launch dates: October 17.5, 1982
and September 16.5, 1984. The altitude of closest approach to Mercury
was fixed at one planet radius; the flyby inclinations were set at 30 and
150 degrees, which is near the minimum established by the vector declination
of the encounter asymptotic velocity.
Venus Direct. The orbit of Venus is characterized by a moderate
inclination and a lesser eccentricity than any of the other planets. In addition
to areas of interest previously mentioned regarding Mercury missions,
perhaps the most significant additional area pertaining to a Venus mission is
the presence of a significant atmosphere.
The two opportunities selected for the Venus mission correspond to
the inferior conjunctions of 1980 and 1983; the specific launch dates were
April 0. 5, 1980 and May 25. 5, 1983. Again the altitude of closest approach
was set at one planet radius and the inclination of the hyperbolic orbit at
-30 and +30 degrees, roughly the minimum permissible.
Venus Swingby to Mercury. One qualification for all swingby missions
under consideration for this study is that no powered encounters are per-
mitted; thus, in general, a somewhat restrictive set of launch windows are
available for the potential missions. The opportunity for the 1980 mission
Inferior conjunction is defined as that position wherein the heliocentric alignment is Sun-planet-Earth.
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centers about the beginning of the year 1980 and extends about one month
into 1979 and 1980. The 1982 mission has a somewhat larger launch window
range centering about the early part of 1982. The selected missions for
this study were December 25, 1979 and January 30. 5, 1982.
The swingby about Venus for both missions is characterized by light
side approaches with periapse near the terminator; the resulting altitude of
closest approach for both cases is quite low, in the range of 1200 to 2000 km,
which may be of concern in the guidance and control subsystems area.
Jupiter Swingby to Saturn. As stated earlier, the outer-planet missions
are restricted to the 1975/1980 time period. Jupiter generally acts as a
fulcrum for missions to the outer planets because of its great size. In
addition to its use to add energy to the spacecraft, Jupiter itself is of con-
siderable scientific interest. Combined with the unique character of the
planet Saturn and its rings, this type of mission appears potentially to
provide a wealth of scientific data.
In general, the more desirable missions occur early in the time
period, due mainly to the large increase in Jupiter passage distances as
time increases.
Specific mission periods chosen for this study were July 30.5, 1976
and September 3.5, 1977.
Jupiter Swingby to Uranus Swingby to Neptune. Only two launch years
were considered in the study; these were the 1978 and 1979 opportunities. In
general, 1978 opportunities are well behaved, i. e., the resulting swingby
distances are moderate for the lower departure energies. The 1979 oppor-
tunities are characterized, in general, by a significant increase in the Jupiter
swingby distance. For this study, the mission opportunities evaluated were
October 8. 5, 1978 and November 12. 5, 1979.
Jupiter Swingby to Saturn Swingby to Pluto. The character of this
mission is somewhat similar to the single swingby case previously discussed.
In general, for a specific launch date, the swingby distances about Jupiter
and Saturn increase with increasing target (i. e., Pluto) arrival dates.
Correspondingly, the departure energy decreases as the target arrival date
is extended. As a compromise which relates a minimum departure velocity
commensurate with a reasonable range of swingby distances about Jupiter
and Saturn, the following missions were selected: September 3.5, 1977
and October 8.5, 1978.
A summary of the mission sets evaluated in the course of the study
is contained in Table 3-3.
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One mission was chosen as an example for illustrative purposes in this
report: the 1976 Earth-Jupiter-Saturn mission; the Saturn encounter data
and a discussion of this particular case are presented in Sections 3. 2. 1. 2
and 3.2. 1.3.
3. 2. 1. 2 Analysis Methodology
This specific mission was chosen as a representative mission; the
resulting encounters with the two most massive planets of our solar system
are expected to provide excellent opportunities for detailed planetary meas-
urements. 1976 turns out to be an ideal year for this type of mission in that
the best combination of minimal departure energy and close planetary
encounters occur as a consequence of the favorable alignment of the planets
during this time period.
For each flyby trajectory, a specific set of planetocentric parameters
was generated as shown in Section 3. 2. 1. 3. These were chosen on the basis
of their expected utility in the evaluation of the complete sensor set. The
first and most obvious is the altitude, followed by the spacecraft velocity
magnitude and the rate of change of the radius. The latitude and longitude
of the sequence of subsatellite points were likewise determined. The Earth
(Sun)/spacecraft/planet included angles were considered as important
parameters, as well as their rates of change. Ground speed of the sub-
satellite point was calculated, as well as the nadir angle rate. This latter
parameter is defined as the required inertial slewing rate for a given sensor
to track the instantaneous subsatellite point. Each of these parameters,
along with time, was sequentially calculated using true anomaly as the inde-
pendent parameter. These dependent parameters and their dimensions
follow and are shown in Figure 3-2.
Altitude (planet radii)
Latitude (deg)
Longitude (deg)
Radius rate (km/sec)
Velocity (km/sec)
Nadir angle rate (deg/hr)
Ground speed (km/sec)
Disk half angle (deg)
Clock angle (deg)
Cone angle (deg)
Earth angle (deg)
Phase angle (deg)
Time (hr)
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PLANET NORTH POLE
TRUE
ANOMALY
-PRIME MERIDIAN
AT TIME ZERO
/ FLYBY
TRAJECTORY
-PERIAPSE
OF FLYBY
TRAJECTORY
Figure 3-2. Trajectory Parameters
3-12
SD 70-375-1
Space Division
Ad North Amenica Rockwell
Table 3-3. Mission Data Summary
(1) Earth-Mercury 1982
Depart 45260. 0* (October 17.5, 1982)
Arrive 45378.0 (February 12.5, 1983)
Trip Time 118 days
(2) Earth-Mercury 1984
Depart 45960.0 (September 16.5, 1984)
Arrive 46080.0 (January 14.5, 1985)
Trip Time 120 days
(3) Earth-Venus 1980
Depart 44330.0 (April 0.5, 1980)
Arrive 44440.0 (July 19.5, 1980)
Trip Time 110. 0 days
(4) Earth-Venus 1983
Depart 45480.0 (May 25.5, 1983)
Arrive 45640.0 (November 1.5, 1983)
Trip Time 160. 0 days
(5) 1979 Earth-Venus-Mercury
Depart 44210.0 (December 2.5, 1979)
Swgby 44466.5 (August 15, 1980)
Arrive 44592.0 (December 18.5, 1980)
Trip Time 256.5/125.5 = 382 days
(6) 1982 Earth-Venus-Mercury
Leave 45000.0 (January 30.5, 1982)
Swgby 45167.7 (July 17.2, 1982)
Arrive 45304.0 (December 0.5, 1982)
Trip Time 167. 7/136.3 = 304 days
*Julian Date - 2400000.
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Table 3-3. Mission Data Summary (Cont)
(7) 1976 Earth-Jupiter-Saturn
Leave 42990.0 (July 30.5, 1976)
Swgby 43725.5 (August 5. 0, 1978)
Arrive 44700.0 (April 5.5, 1981)
Trip Time 735. 5/974.5 = 1710.0 days
(8) 1977 Earth-Jupiter-Saturn
Leave 43390.0 (September 3.5, 1977)
Swgby 44133.1 (September 16.6, 1979)
Arrive 45000.0 (January 30.5, 1982)
Trip Time 743. 1/866.9 = 1610.0 days
(9) Earth-Jupiter-Uranus-Neptune
Depart 43790.0 (October 8.5, 1978)
Swgby 44452. 0 (August 0. 5, 1980)
Swgby 46521.2 (March 31. 7, 1986)
Arrive 48000.0 (April 18.5, 1990)
Trip Time 662. 0/2069. 2/1478.8 = 4210 days
(10) Earth -Jupiter - Uranus -Neptune
Depart 44190.0 (November 12.5, 1979)
Swgby 44690.7 (March 27.2, 1981)
Swgby 46101.7 (February 5.2, 1985)
Arrive 47200.0 (February 8.5, 1988)
Trip Time 500. 7/1411.0/1098.3 = 3010 days
(11) Earth-Jupiter -Saturn- Pluto
Depart 43390.0 (September 3.5, 1977)
Swgby 43837.8 (November 25.3, 1978)
Swgby 44355.5 (April 26.0, 1980)
Arrive 46000.0 (October 26.5, 1984)
Trip Time 447. 8/517. 7/1644.5 = 2610 days
(12) Earth -Jupiter -Saturn- Pluto
Depart 43790.0 (October 8.5, 1978)
Swgby 44229.7 (December 22.2, 1979)
Swgby 44652.4 (February 16.9, 1981)
Arrive 46400.0 (December 0.5, 1985)
Trip Time 439. 7/422. 7/1747. 6 = 2610 days
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The point of distance of closest approach is defined as time zero. A
minus time or true anomaly denotes the approach phase, a plus value the
departure phase. Latitude is measured in a conventional method from the
planet equator; zero longitude is defined as the meridian passing through
the point of closest approach at time zero.
3. 2. 1. 3 Trajectory Data
The data determined are presented in two forms. The first is a set
of time-sequenced pictorial displays of each planet as seen by the spacecraft
(Figure 3-3), while the second is a set of graphs on which the selected
planetocentric parameters just described are plotted with true anomaly as
the independent variable (Figures 3-4 to 3-16). These data are presented
in the following set of computer-generated output. Only selected pictorial
displays are shown here; the full set includes 40 pictures.
3. 2.2 Selection of Orbits at Inner Planets and Jupiter
In the calculation of imaging sensor support requirements for orbital
missions at the inner planets and Jupiter (Reference 3), 10 orbits were
considered at each inner planet and 11 at Jupiter. These orbits differ
principally in eccentricity, and at Jupiter also in periapsis altitude. The
inclinations are given in Table 3-5. The longitude of ascending node and
argument of periapsis were not specified.
From this set of candidate orbits, certain orbits were selected in
Reference 3 on the basis of maximum support of observation objectives.
Table 3-4 shows the number of imaging sensor systems designed for use in
each orbit in any of the orbital missions to the inner planets and Jupiter.
Orbit numbers in Table 3-4 correspond to Reference 3. The tasks of com-
puting non-imaging sensor support requirements for these missions, and of
constructing integrated compatible families of imaging and non-imaging
remote sensors, are greatly simplified by restricting this effort to a few
orbits that best represent the distribution of Table 3-4. Table 3-5 lists the
parameters of the orbits selected for evaluation of non-imaging sensor
support requirements. If these requirements were calculated for the other
orbits, the results would change only slightly, and the integration with
compatible imaging sensor families would be trivial or meaningless.
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DISK: 010.54 DEG
TIME: -010.73 HR
DISK: 018.80 DEG
TIME: -005.29 HR
DISK: 039.06 DEG
TIME: -001.87 HR
DISK: 046.84 DEG
TIME: -001.26 HR
DISK: 060.00 DEG
TIME: 4000.00 HR
DISK: 036.26 DEG
TIME: 4002.12 HR
DISK: 010.54 DEG
TIME: 4010.73 HR
Figure 3-3. Computer-Generated Time-Sequenced
Display of Planet
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Table 3-4. Distribution of Orbits Selected for
Imaging Sensor Definition
Orbit Number
Planet 1 2 3 4 5 6 7 8 9 10 11 Total
Mercury 66 0 0 0 0 0 0 0 0 8 - 74
Venus 58 0 0 0 0 0 0 0 9 3 - 70
Mars 48 0 0 0 0 11 3 27 0 21 - 110
Jupiter 5 0 0 0 0 0 4 0 5 4 9 27
Table 3-5. Orbits Selected for Nonimaging Experiments at
Inner Planets and Jupiter
Periapsis Apoapsis
Planet Orbit Altitude (km) Altitude (km) Inclination (deg)
Mercury 1 500 500 90
Mercury 10 500 53,400 90
Venus 1 454 454 90
Venus 9 255 50,400 90
Mars 1 1016 1,016 90
Mars 8 383 12,525 124
Jupiter 1 1.78 x 105 4.81 x 105 90
Jupiter 9 1.78 x 105 13.47 x 10 90
Jupiter 11 3.57x 105 6.65x 105 90
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The orbits are assumed initially to have periapsis latitude zero, and
periapsis longitude (also longitude of ascending mode) zero with respect to
the subsolar meridian. At Jupiter, the insertion AV required for zero
periapsis longitude is prohibitive, and a longitude of 90 degrees is assumed.
The orbits are not large simple fractions (1/3, 1/2, etc.) or small multiples
(2. 3, etc. ) of the planetary rotation periods, so a few orbits will suffice
for viewing all longitudes at favorable altitudes and sun angles. Precession
of the apsides and regression of the nodes are ignored.
3.3 PLANETARY SURFACE AREA COVERAGE
3. 3. 1 Flyby Missions
A combination of several sensors, different coverage modes (i. e.,
optimal and marginal), numerous missions, and several target planets
results in the requirement to analyze and determine planetary surface area
coverage for 66 separate planetary flybys. Since the computational pro-
cedure for all these flybys are similar, only a representative sensor and
planet flyby will be considered in detail, and a summary of results will be
presented for the remaining 65 planet encounters.
The visible/UV spectrometer was selected for the example, with
optimal area coverage on the Saturn encounter associated with the 1976
Earth-Jupiter-Saturn flyby mission.
3. 3. 1. 1 Flyby Trajectory Selection
Saturn is the terminal planet in the mission sequence; consequently,
there is a free choice of closest approach distance (periapsis) and flyby
inclination (with respect to Saturn's equator). The choice of periapsis
distance is constrained to avoid Saturn's rings, which are contained in the
equatorial plane and extend out to an altitude of approximately 1. planet
radii.
The selection of flyby inclination requires, in general, a compromise
between the conflicting demands of the various types of sensors. For all
planetary encounters considered, the TV sensor influenced the selection of
inclination the greatest; consequently, the inclination was selected to
satisfy the TV requirements. The TV required that sufficient time be
available to scan both north and south latitudes (avoidance of ring masking)
prior to crossing the terminator from light to dark.
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A graphical aid which greatly facilitates the selection of inclination
is a planet stereographic projection. The stereographic projection has been
known for centuries and was used by map makers in the Middle Ages. More
recent analysis (Reference 4) commended its use to solve a wide variety
of three-dimensional problems and delineated the detailed steps necessary
for point-by-point construction. The primary advantage of this spherical
projection is that all circles, great or minor, appear as circular arcs in
the projection and the projection is isogonic, that is, inclination angles of
planes relative to each other are preserved. A transparent coordinate
overlay permits graphical solution of all spherical geometric problems.
Since for planetary imaging analyses the source of light is the Sun,
a projection about the subsolar point allows the lighting angles to be dis-
played as concentric circles. Figure 3-17 illustrates the Saturn stereographic
projection associated with the mission of interest. A 12. 4-degree inclined
orbit was selected to satisfy the requirement for both north and south latitude
viewing on planet approach.
With the inclination fixed, trajectory data were then generated (see
Section 3. 2, Mission Trajectory Data) for a flyby with a periapsis altitude
of 1. 0 Saturn radii. The combination of selected values of periapsis
altitude and flyby inclination results in a nodal (equatorial) altitude of 4. 05
and 3. 39 Saturn radii on approach and departure, respectively-well outside
Saturn's rings.
3. 3. 1.2 Surface Area Computation
The first step in computing surface area required is to obtain a plot
of the trajectory in terms of longitude and latitude (see Figure 3-18). Sensor
on and off altitudes, as well as sensor field-of-view, were supplied by the
sensor analyst (see Section 3.4. 1. 7). These altitudes were then equated to
Saturn longitude by the available trajectory data. For the specific example,
the following information resulted:
Altitude T rue Swath
(h, Saturn Anomaly Time Longitude Latitude Width
radii) (degrees) (hours) (degrees) (degrees) (degrees)
Sensor On 13. 35 -120 14.95 46.4 5.6 118.815
Sensor Off 1. 99 -65 -1. 87 0. 2 -5.8 17. 711
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Figure 3-17. Saturn Stereographic Projection
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The swath width (S/W) represents a great-circle arc as determined by:
S/W = zy
where rb is Saturn radius, and 2Y is the aperture angle-in this example,
8.90 degrees.
Several intermediate altitudes between the sensor on and off altitudes
were selected and their corresponding swath widths determined and super-
imposed on the longitude/latitude plot as shown in Figure 3-19. Note that
the visible/UV spectrometer is used over the approach phase of the flyby
only.
Simple spherical geometry was used to compute surface area coverage.
The area of a zone as illustrated in Figure 3-20 is given by:
A (zone) = 2Tr R2 sin 6
where 6 is zone latitude.
A latitude of 90 degrees yields the surface area of a hemisphere and
twice this value is the surface area of a sphere, i. e.,
A (sphere) = 4T Rb
When the area of only a portion of the zone is desired, the following
relation is used:
=2wbA sin longitude (degrees)
A = ZTrRh, sin o6 13600
Since there are no specific requirements to obtain surface area
coverage better than about 5 percent, the actual sensor ground swath was
approximated by zonal sections on the planet as illustrated in Figure 3-21
In this case, the ground swath was first approximated as a truncated
pyramid (dashed line) and then the equivalent zonal area specified. The
following expressions yield the desired surface areas:
A (north) = 2Tr r5 sin (31. 573) x 319. 80 + sin (62.549° ) x 84. 60]3600 3600
A (south) = 2Tr r 2sin (31. 7730) x 3600 + sin (51. 349° ) x 3460 
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Figure 3-19. Saturn Flyby Trajectory Ground Swath
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Figure 3-21. Visible/UV Spectrometer Optical Surface Coverage
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Area coverage of the visible/UV spectrometer is 66. 7 percent of the total
surface area.
3. 3. 1. 3 Summary of Flyby Results
Table 3-6 summarizes the planetary surface area coverage computa-
tions for the sensors and missions of interest.
3.3. 2 Orbiter Missions
The computation of area coverage for the orbiter missions followed
essentially the same procedure used for the flybys. In this case, trajectory
data was supplied by a NR computer program (Reference 5), and the area
coverage was computed automatically. This program is a second-
generation interplanetary trajectory program written in Fortran II. It
has the following capabilities: (1) phase-controlled choice of linked conic,
Encke's or Cowell's methods using the Adams-Moulton six-order integration
package; (2) up to 15 celestial bodies, 11 of which move according to JPL
ephemeris tapes, while 4 use input-specified mean elements; (3) central
body exchange at computed spheres of action; (4) oblateness effects up to
10th harmonic, thrust and drag forces; (5) multiple legs (phases) with
selective stopping conditions and leg addressing; (6) simultaneous two-
vehicle operations, each at its own optimal submultiple step size; (7) double-
precision arithmetic (16 digits); (8) tracking station data, look angles to
Earth, target body and Canopus, including cone and clock angles;
(9) CRT 9 by 9-inch plots of any computed variables desired in any xy-axis
combination; (10) a variety of input/output formats and reference systems
(Earth equatorial true or mean of date or epoch, planetary equatorial,
ecliptic, etc.).
At discrete time intervals (measured in minutes) swath widths
(latitude distance) were determined and the surface area approximated as a
truncated pyramid, where the longitude distance was obtained by multiplying
ground speed by the time interval.
3. 3. 2. 1 Summary of Orbiter Results
Table 3-7 summarizes the planetary surface area coverage computa-
tions for the sensors and missions of interest.
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Table 3-6. Planetary Surface Area Coverage Summary
Altitude
(Planet Radii)
Sensor Area Coverage
Measuring Coverage FOV Sensor (Percent of
Sensor Constraints Mode (deg) Mission Planet On Off Planet)
Laser radar Sampling performed N/A 0. 1146 1984 M Mercury 25.05 25.05 1.2
from initiation alti-
frtude on approach to 1980 V Venus 6.23 6.23 0. 18
tude on approach to
comparable altitude 1982 V-M Venus 6. 23 6. 23 0. 34
on departure.
Mercury 25.83 25.83 0.65
1976 J-S Jupiter 1.54 1.54 0. 017
Saturn 2.65 1.0 0. 028
1978 J-U-N Jupiter 5.88 5. 88 .0. 27
Uranus 39.38 39.38 5.8
Neptune 79.66 79.66 17.9
1978 J-S-P Saturn 8.11 8.11 0.42
Measuring Sensor used over Optimal 0. 2292 1984 M Mercury 10.0 10.0 0. 48
Radiometer the range from 0. 5730 1980 V Venus 10.0 10.0 1.5
maximum altitude
(sensor on) to min- 0. 2292 1982 V-M Venus 41.0 2.69 0. 31
imum altitude
(sensor off) on both Mercury 10.0 10.0 0.50(sensor off) on both
approach and 0. 5730 1976 J-S Jupiter 3.49 3.49 0. 35
departure dSaturn 9.88 9.88 4.2
0.4658 1978 J-U-N Jupiter 6.86 6.86 1. 5
Uranus 16. 17 16. 17 4. 2
Neptune 7. 58 7. 58 0.59
0. 2292 1978 J-S-P Jupiter 20.47 20.47 9. 0
Saturn 21. 39 21.39 7.9
Marginal 0. 4584 1984 M Mercury 5. 13 5. 13 0.48
2.292 1980 V Venus 28.69 28.69 22. 3
0. 4584 1982 V-M Venus 143.44 143.44 21.0
Mercury 5. 13 5. 13 0.49
0.6663 1976 J-S Jupiter 8. 36 8. 36 3.2
Saturn 9.88 9.88 4.9
0.8186 1978 J-U-N Jupiter 6.86 6.86 2.7
Uranus 21.68 21.68 12.2
Neptune 18.66 18.66 16.2
0. 4832 1978 J-S-P Jupiter 11.70 11.70 5.8
0.3114 Saturn 21.39 21.39 12.0
Mapping Sensors views up Optimal 0. 5730 1976 J-S Saturn 6. 19 6. 19 56.6
Radiometer to 0. 90 full angle
subtended by planet. 1978 J-U-N Uranus 9. 43 9. 43 43. 1
From maximum Neptune 3.79 3.79 18.4
altitude to mini-
0. 2292 1978 J-S-P Saturn 33.11 33.11 75.0mum altitude on
both approach and Marginal 2.204 1976 J-S Saturn 4. 30 4. 30 25. 7
departure. 10.81 1978 J-U-N Uranus 2.25 2.25 6.5
Neptune 2.37 2.37 17. 1
0.4476 1978 J-S-P Saturn 21. 19 21.19 75.0
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Table 3-6. Planetary Surface Area Coverage Summary (Cont)
Altitude
(Planet Radii)
Sensor Area Coverage
Measuring Coverage FOV Sensor Sensor (Percent of
Sensor Constraints Mode (deg) Mission Planet On Off Planet)
Thermal From maximum Optimal 0. 220 1976 J-S Saturn 4. 32 4. 32 0. 21
Mapper altitude to mini-Mapper altitude to mini- 0. 1690 1978 J-U-N Uranus 11.60 11.60 0.77
mum altitude on
both approach and Neptune 10. 61 10. 61 0. 39
departure. 0.00573 1978 J-S-P Saturn 41.04 41.04 0.36
Marginal 0.220 1976 J-S Saturn 4. 32 4. 32 0. 21
0. 2110 1978 J-U-N Uranus 11.60 11.60 0.96
Neptune 10.61 10.61 0.49
0.0870 1978 J-S-P Saturn 10.92 10.92 0.57
Visible/ From maximum Optimal 8.90 1976 J-S Jupiter 11. 20 0.70 38.3
UV altitude to mini-
Saturn 13.35 1.99 66.7Spectrometer mum altitude on
approach only. 14.0 1978 J-U-N Jupiter 6.86 3. 18 20. 3
Uranus 16. 17 2.46 64. 1
Neptune 16.83 1.67 37.4
8. 60 1978 J-S-P Jupiter 11.70 6.59 41.9
Saturn 14.41 6.53 57.8
Marginal 10.80 1976 J-S Jupiter 14.90 (1) 36.8
Saturn 17.70 (1) 50.0
11.46 1978 J-U-N Jupiter 14. 10 (1) 37.3
Uranus 24.0 (1) 50.0
Neptune 24.0 (1) 25.2
10.80 1976 J-S-P Jupiter 14.9 (1) 36.8
Saturn 17.6 (1) 50.0
Television Scan from limb- Optimal 0.21 1976 J-S Saturn 7.68 1.99 24.0
Camera to-limb (north/ 0. 22 1978 J-U-N Uranus 16.64 Z. 43 56.0
south). From
maximum alti- Neptune 16.81 1.52 24.5
tude to minimum 0.22 1978 J-S-P Saturn 30.61 6.62 99.2
altitude on approach
only.
Marginal 0.21 1976 J-S Saturn 1602 (1) 50.0
0.21 1978 J-U-N Uranus 403 (1) 50.0
Neptune 403 (1) 50.0
0.21 1978 J-S-P Saturn 1602 (1) 50.0
(1)Single frame area coverage
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Table 3-6. Planetary Surface Area Coverage Summary (Cont.)
Altitude
(Planet Radii)
Sensor Area Coverage
Measuring Coverage FOV Sensor Sensor (Percent of
Sensor Constraints Mode (deg) Mission Planet On Off Planet)
IR Sampling performed Optimal 1.0 1984 M Mercury 9. 36 9. 36 2.0
Radiometer/ from initiation alti- 6.21 1982 V-M Venus 1. 71 1.71 3. 2Spectrometer tude on approach to
comparable altitude Mercury 1. 30 1.30 1.0
on departure. 35.0 1980 V Venus 1.65 1.65 11.3
18.2 1976 J-S Jupiter 4. 03 4.03 14.6
Saturn 4.32 4.32 17.5
9.49 1978 J-U-N Jupiter 4.65 4.65 11.3
2.93 Uranus 13.9 13.9 18.2
1.21 Neptune 14.8 14.8 5.7
2. 33 1978 J-S-P Jupiter 11.7 11.7 28.2
Saturn 14.41 14.41 35.4
Marginal 1.0 1984 M Mercury 4.60 4.60 0. 9
22.9 1982 V-M Venus 1. 71 1.71 11.8
11.4 Mercury 1.30 1.30 1.9
34.3 1980 V Venus 1.65 1.65 11. 1
17.2 1976 J-S Jupiter 4. 03 4.03 13.8
Saturn 4.76 4.76 21.6
9.84 1978 J-U-N Jupiter 4.65 4.65 11.6
2.07 Uranus 13.9 13.9 12.9
1.55 Neptune 14.8 14.8 7.1
2. 38 1978 J-S-P Jupiter 12.2 12.2 32. 0
Saturn 14.41 14.41 36.1
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Table 3-7. Orbiter Missions Planetary Surface Area Coverage Summary
Altitude (km) Area Coverage
Sensor FOV I (perent of
Sensor Measuring Constraints Coverage Mode (deg) Mission SrO iensorOf 1 planet/orbit)
Sensor is not scanned.
Field-of-view centered at nadir.
Altitude range for usage is from
'sensor on" altitude to "sensor off"
altitude on both ascending and
descending legs of orbit.
Sensor scanned if area coverage
requirements not otherwise met in
one orbit. If scanning used, center
scan is centered at nadir.
Sensor is scanned if area coverage
requirements not otherwise met in
one orbit. If scanning is used,
center scan is centered at nadir.
Altitude range for sensor usage is
"sensor on" altitude to "sensor off"
altitude. For 1978 J-S mission,
roughly half of viewed surface is
sunlit.
Sensor is not scanned. Field-of-
view centered at nadir. Sensor can
be used for all altitudes below
altitude given.
._____ I._ _
(F) Filter radiometer
(M) Michelson interferometer
Optimal
Marginal
Optimal
Marginal
Optimal
Marginal
Optimal
Marginal
Optimal
Marginal
Optimal
Marginal
Optimal
Marginal
Optimal
Marginal
Optimal
Marginal
Optimal
Marginal
Optimal
Marginal
Optimal
Marginal
Optimal
Marginal
Optimal
Marginal
Optimal
Marginal
Optimal
Marginal
Optimal
Marginal
Optimal
Marginal
Optimal
Marginal
Optimal
Marginal
Optimal
Marginal
Optimal
Marginal
Optimal
Marginal
Optimal
Marginal
Optimal
Marginal
Optimal
Marginal
Optimal
Marginal
0.229
11.46
0.229
6.37
0.229
11.46
0.229
7.74
0.229
11.5
0.229
4. 55
0.229
0.833
0.229
0.298
0.229
0.602
5.38
5.38
0.088
0.088
6.12(S)
135.0
2.29(S)
6.64(S)
39. 6(S)
74. 8
4. 56(5)
13.3
1. 15(5)
2.86(5)
0. 115(S)
1.64(5)
0. 776(S)
1.82(5)
14. 8(5)
11.5
5. 8(S)
8.6
11.4(s)
13.5
0.114
0.015
0.0935
0.0115
0.0564
0.0115
1984 Mercury
Orbit 1
1984 Mercury
Orbit 10
1977 Venus
Orbit I
1977 Venus
Orbit 9
1988 Mars
Orbit I
1988 Mars
Orbit 8
1978 Jupiter
Orbit 1
1978 Jupiter
Orbit 9
1978 Jupiter
Orbit II
1984 Mars
Orbit 1
1984 Mercury
Orbit 1
1977 Venus
Orbit 1
1988 Mars
Orbit I
1988 Mars
Orbit 8
1978 Jupiter
Orbit I
1978 Jupiter
Orbit 9
1978 Jupiter
Orbit 11
1978 Jupiter
Orbit I
1978 Jupiter
Orbit 9
1978 Jupiter
Orbit 11
1984 Mercury
Orbit 1
1984 Mercury
Orbit 10
1977 Venus
Orbit 1
1977 Venus
Orbit 9
1977 Mars
Orbit I
1977 Mars
Orbit 8
Usage over full orbit
Usage over full orbit
6.2 x 10 3 5.43 x 10 4
2. 08 x 103 5. 43 x 104
Full orbit
Full orbit
9.3 x 103 5. 18 x 104
2.29 x 103 5.18 x 104
Full orbit
Full orbit
2.31 x 103 1.26 x 104
8. 27 x 102 1.26 x 10 4
Full orbit
Full orbit
1.78 x 105 1.02 x 106
Full orbit
Full orbit
Full orbit
g.
4.08 x 105 2.42 x 10 5
4.08 x 10 5 2.42 x 105
500
(Full orbit)
1. 37 x 10 4
454
(Full orbit)
3.72 x 103
1016
(Full orbit)
1.25x 104 1
(Full orbit)
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Measuring
Microwave
Radiometer
IR Radiometer
Spectrometer
(F)
(F)
(F)
(F)
(F)
(F)
(F)
(F)
(F)
(F)
(F)
(F)
(M)
(F)
(M)
(F)
(M)
(F)
Visible/UV
Spectrometer
Laser Radar
0.032
1.15
2.49
32.4
0.0152
0.77
0.95
33.9
0.062
3.35
0. 526
10.8
0. 84
3.1
0. 875
1.91
1.38
3.64
1.0
1.0
1.0
1.0
0.41
1.83
10.0
14. 5
10.6
10.0
10.8
31.5
2.06
10.7
1.5
10.8
4. 72
10.9
15.4
12. 3
11. 1
16.3
15.8
18.9
0.023
9.2x 10- 3
6. 3 x10 - 3
9.5 x 10-4
0.015
0.027
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3.4 SENSOR CAPABILITIES AND SUPPORT REQUIREMENTS
3. 4. 1 Visible/Ultraviolet Spectrometer Design Technique
3.4.1.1 Background
As with other sensor types considered within the scope of this study,
visible/UV spectrometer design is attempted for each of the relevant
planetary encounters presented in Section 3. 2. The designs are accomplished
with the attainment of the two basic levels of observation requirements
(optimal and marginal) in mind (Reference 1). The sample case presented
represents the optimal-level design of a non-imaging sensor for an outer-plan
planet en.ounter. The visible/ultraviolet (UV) spectrometer and associated
subsystem design criteria are presented in Section 4. 2. 6 of Reference 2.
3.4. 1. 2 Observation Requirements
The choice of a multi-planet mission encounter provides the initial
constraint that the sensor be designed for usage at all relevant encounters.
Thus, the observation requirements data sheets (ORDS) for both Jupiter and
Saturn which deal with visible/UV spectroscopy must be considered for this
sample case. The relevant ORDS and a summary of the specific observa-
tion requirements contained therein are provided in Table 3-8.
3. 4. 1. 3 Sensor Design Constraints and Limitations
State-of-the-art (SOA) limitations and physical limitations often neces-
sitate the deletion of certain ORDS, as cursory visual inspection reveals that
the attainment of such ORDS requirements would cause these limitations tobe
violated. As can be noted in comparing the table of limitations (Table 3-9)
with the requirements in Table 3-8, the lower limit wavelength coverage
requirements for ORDS C-105 cannot be met and ORDS must be dropped
from further consideration.
3. 4. 1.4 Optimal Sensor Design Requirements
Initially, sensor design is attempted with the intention of meeting the
most stringent of each of the individual observation requirements taken from
the collection of relevant ORDS. For the case at hand, it is desirable to
design a sensor with the following capabilities:
wavelength coverage: 0. 1 (km') c k c 1. 0 1 (kM')
spectral resolution: A X, s 10 - 5 t
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ORDS Requirements for Visible/UV Spectroscopy
at Jupiter and Saturn*
3-45, 3-46
SD 70-375-1
ORDS X'M M m X'r n A ' " N A' S' S" xN ' |"
(Ref. 1) Objective/Observable ( )() (4) ()  ) (.) (p) (deg) (deg) ( eg) (deg) (%) (%) (m) (m)
C-65+ Trace substances in atmosphere and -3 -2 45 5
clouds/IR-visible-UV spectra 20: 14. 0 0. 1 0.2 10
C-92 Atmospheric properties above poles/
optical photon spectrum from solar 1.0 0. 1 0. 1 1.0 l 0 10 90 60 190 60
aurorae
C-96 lonosphere total density profile/auroral -4 1-3 90 80 I 1 6 1 7
and airglow emission spectra| a d airglow e ission s ectra I 1.0 0.7 0. 1Z 0.4 10 - 10 3 90 80 0 9 80 I 10 107
C-97 Methane abundance/methane 0.8 0. 7 0. 5 0. 6 10 - 4 2x10 3 90 0 90 0 100 0 10 107
absorption spectra
C-98 H/D ratio/HD and H 2 absorption 0.8 0.5 0.08 0.12 105 10 4
spectra
C-99 Same as C-98 0.8 0.5 0.09 0. 12 01 1- 4 - - 105 107
C-104 Trace constituents of purines and15 10 10
pyromidines/UV absorption spectra 10
C-105 Physical properties for engineering6 7
model atmospheres/UV absorption 0.3 0. 13 0.03 0.057 5x10 10 90 45 90 45 100 1 5x10 2x10
and emission spectra
*All ORDS listed are applicable to both Jupiter and Saturn in this instance.
+Multi-band requirement: visible/UV band requirements are met in all instances if most stringent requirements from entire
group of ORDS are met.
,I:OL U.I!
.. .9 . ^ .... .i.. ~a
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Table 3-9. Visible/UV Spectrometer Design
Constraints and Limitations
Characteristic SOA Limit
(
1 ) Design Limit
(
Collecting optics diameter
Number of mirror faces
Number of detectors
Photoconductor detector:
1) waveband response range
2) lower limit response time
3) peak detectivity
Photomultiplier detector:
1) waveband response range
2) lower limit response time
3) quantrum efficiency
Collecting optics aperture
stop number lower limit
Grating diameter
Reciprocal grating spacing
Spectral order
2.0 m
10
10
0. 0l - 0. 1i
10 - 3 sec
4.0x 109
m-Hz 1/2/watt
0. 1-1. 2 j.
10-6 sec
0. 25
1. 0
0.2 m
1. 18x106 m
-
1
5
1.0 m
10
10
0. 1O l - 0. 1
10 - 3 (4)10- sec
4. 0 x 109
m-Hz 1/2/watt
0.1 - 1. 21(3)
10-6 sec
0. 20
1. 0
0.2 m
1. 18x106 m - 1
2
(1) Reference to state-of-the-art limit at mission launch date
(2) Reference to limit used in analysis
(3) Multiple detectors required
(4) Response time is inadequate for missions considered due to excessive
scan rate requirements.
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In addition, it is desired that the sensor designed allow the attainment of
the following measurement requirements:
(nadir) spatial resolution:
latitude coverage:
area coverage:
sensor
AX _
sensor
angular resolution such that
105m at highest altitude for
usage
0 -X'N < 900; 0 <s H'S - 90 °
S' = 100%
3. 4. 1. 5 Trajectory Considerations
The basic objectives to be met deal with observation of spectra due to
atmospheric scattering and absorption of sunlight and due to auroral
emission. The useful portion of the trajectory to allow satisfaction of the
latter objective is restricted to that where the polar regions are accessible
to viewing, the former to that where a sunlit surface is accessible. As will
be shown later, satisfaction of auroral emission objectives is regularly a
direct fallout of using that portion of the trajectory segment where a sunlit
surface is accessible.
3. 4. 1. 6 Base Sensor Definition
Confinement of the range of sensor designs is provided through
application of the following sensor and sensor subsystem limitation formulae
(Section 4. 2. 6 of Reference 2):
-123 x 10 (S/N)(I) D =(/c a6
1/2
Q (C f) Ae p
- Dd and D c <_Dc
(collecting optics diameter -m)
(II) Dd = 1. 22 f2ZXM'/AO
(collecting optics diffraction-limited diameter -m)
(III) T = A4/2L < Tpm* (detector response time requirement - sec)
(IV) f# = F/Dc f L (aperture stop number)
(V) D = ( A'/AX')/N s D + (grating diameter -m)
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(VI) o = 2 Vh/(pmHAO) s w + = 193/D
(mirror rotation rate -rad/sec)
where:
A~ - scanning beam angular size (radian)
(S/N) - signal-to-noise ratio
Q - quantum efficiency of photomultiplier detector cathode
Cp - available spectral radiance in the bandwidth of interest
(watts/m)
f - photometric function (= cos i where i is either solar zenith
angle or auroral source - planet - spacecraft angle)
F - optical focal length (= /AO where f is the linear detector
dimension = 10 - 3 m) (m)
4\ - order of spectrum
N - reciprocal grating spacing (m - 1 )
vh - apparent horizontal ground speed (m/sec)
p - number of detectors
m - number of mirror faces
H - altitude above planetary surface (m)
D - scanning mirror diameter (= 1. 41 Dc) (m)
The upper limit usable trajectory segment can be determined in a rather
straightforward fashion using Equation (I), where an upper limit value of D c
is used. Certain fixed parameter values, of course, must be assumed.
Separate analysis indicates that the auroral spectral radiance at both planets
is of the order of that for reflected sunlight in the bandwidth of interest;
the solar values have been used. The following fixed parameter values have
also been used:
Number of detectors = 2 (cesium telluride photomultiplier and
silicon Schottky barrier photodiode)
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Number of mirror faces = 1
Signal-to-noise ratio = 120
Typical detector quantum efficiency = 0.2
Spectral radiance at Jupiter in UV = 4.49 x 10 7 watt m 1
-7 -1Spectral radiance at Saturn in UV = 1.37 x 10
- 7watt m
Substituting for L in equation (I), a more useful form results:
_____ 1
D j 3x10 (S/N)- [2 11/1 2 ] 1
c Lpmq (C 1/2 fH A
or
D (1. 3 : 10x 1 Fyl v 2
c ()1/2 a2 [fHj
or
Dc 2. 15x h] at Jupiter
3. 86 x 10-6 at Saturn
= c AO2 at Saturn
Limiting the trajectory segment analyzed to that for which solar zenith
angles are less than approximately 80 degrees, the following results are
obtained:
Encounter Minimum (H/vh) (sec) H (km) vh(km/sec)
1976 Jupiter 3. 69 x 103 5.01x 104 13. 58
1976 Saturn 2.73 x 10 4 1. 20 x 105 4.44
Encounter Maximum (Vh/fH)1 / 2 (secl/ 2) f H (km) vh (km/sec)
1976 Jupiter 3. 74 x 10-2 0. 194 Same Same
1976 Saturn 1.34 x 10-2 0. 206 Same Same
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For an assumed collecting optics diameter of 1 meter, the following results
then apply:
AO (minimum) = 2. 81 x 10 - 4 rd at Jupiter
Ad (minimum) = 1. 39 x 10 - 4 rd at Saturn
or
A* (minimum) = 2. 81 x 10 - 4 rd for sensor usage at both encounters
Checking the limits provided in equations (II)-(V), the following results
are obtained:
(II) Dd = 1.22 2 (1.0 x 10-6m)/2.81 x 104 = 6.1 x 10 - 3 < 1. Om
(III) T = 2.81 x 10-4 rd/2 (3. 02 sec ) = 4. 66x 10 sec > 106 sec
where:
-1
= / 2 -rr H 2 -rr 1=3. 02Hsec-l
max pm/\+') Vh min ( 2 .81x 104) ( 3.69 x 103 
c Dc A- 1.0 (2. 8 1 x 104 
(V) D = = 4. 28 x 10 m < 0.2 m
(2- 1. 18 x 10 m )
where:
= 2 and Ng = 1. 18 x 10 mg
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(VI) + = 193/(1.41) (1.0) = 136 rd
sec
(= 7. 82 x 103 deg/sec) > ax
Thus, for a maximum-sized collecting optics system with optimal angular
resolution characteristics, no design limitations have been exceeded. The
final design is now restricted by the requirements that A6 4' * and
0. 006m < D c < 1. Om for other sensor characteristics fixed.
3. 4. 1. 7 Trajectory Segment Definition/Sensor Capability Determination
Sensor scanning is necessary to attain latitude coverage requirements
for the low-inclination trajectories involved. Because Jupiter latitudes are
relatively more inaccessible than those at Saturn for this mission (lower
inclination trajectory and larger planetary radius), the scanning requirements
will be initially developed from analysis at Jupiter.
For approximately 2rT longitude coverage at Jupiter, sensor usage
should be initiated at an altitude (HM) of the order of 8 x 105 km. For
A O = A+*, the optimal spatial resolution cannot be met at this altitude.
Full planetary surface coverage cannot be met unless an extremely large
scan angle is used (to allow full latitude coverage at minimum altitude) or
if HM is increased. Further tradeoff between spatial resolution and area
coverage capability is not considered, and the above HM used. It should
be noted that the maximum-sized collecting optics system must be used or
else spatial resolution must be further degraded.
The limb-viewing angle at HM is of the order of 4. 68 degrees. To
avoid computer program complications associated with calculations per-
formed for near-limb viewing, the total scan angle of 4. 45 degrees,
corresponding to a ground size viewed of 2.4 Rp (corresponding to a
latitude coverage of about 68 degrees in either direction from the nadir),
was used. It should be noted that in actual practice, the approximate
5 percent increase in 4 required for limb viewing would result in relatively
minimal additional subsystem support requirement penalties.
The sensor designed for the Jupiter encounter can now be analyzed at
Saturn. If roughly the same initiation altitude is used (the nearest mission
point available in the data book), the coarsest nadir resolution will be
similar to that attained at Jupiter, and also the full planet disk can be
viewed at HM. The following results are obtained:
H M - initiation altitude - 8. 06 x 105 km
Hm - cut-off altitude - 1. 20 x 105 km
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AO = 2.93 x 10 rd = 0.0168 deg
AX coarsest nadir resolution = HAd = 2. 34 x 10 m
AX* - coarsest resolution at far edge of swath = 5. 64 x 105 m
where:
ax~ Rp 'cos -'
| LU(Rp+H) - sin
Rp - planetary radius in units of HM
~* '- scan half-angle corresponding to 0.9 of limb-viewing half-angle
Maximum latitude coverage in both northern and southern hemispheres is
attained at HM for this encounter. The values represented by the computer
output were obtained by using the spacecraft latitude at HM together with the
latitude coverage band which corresponds to a fixed ground size viewed. For
this and most other encounters analyzed, viewing at least to within a few
degrees of either pole is accomplished.
Latitude coverage and spatial resolution capability associated with the
sensor designed is well within both the solar reflected and auroral observa-
tion requirements of Table 3-8. The optimal level wavelength coverage and
spectral resolution requirements can be met or exceeded for nearly all
ORDS. Thus, the sensor designed for observation of reflected solar emis-
sions can also be used satisfactorily for the study of auroral spectra. The
area coverage capability associated with the sensor designed (in satisfaction
of the requirements for ORDS dealing with reflected solar spectra) is deter-
mined separately and is discussed in Section 3. 3. 1.2.
3. 4. 2 SERA Computer Program Data Output
The ORDS data, sensor design, and sensor support subsystem param-
eters, as well as related information concerning the 1976 Saturn visible/UV
spectrometer, have been used in the SERA (Space iExperiments Requirements
Analysis) computer program. The resultant SERA program output is
provided in Table 3-10. The output is effectively divided into three SERA
sections as follows:
SERA 1 - Observation Requirements Output - pp 1-15 (computer pro-
gram page)
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SERA 2 - Measurement Requirements Output
A. Measurement Requirements by Technique for All
Objectives - pp 16-19
B. Measurement Requirements by Technique and Objective.-
pp 20-31
SERA 3 - Sensor Capabilities and Support Requirements - pp 32-36
The observation requirements information presented in SERA 1 are effec-
tively a duplicate of that presented in Table 3-8, while that of SERA 2 repre-
sents the conversion of observation requirements to measurement require-
ments as discussed in Section I of this sample case. The SERA 3 output is
further subdivided according to heading as follows:
"Mission Description" - definition of usable trajectory segment per
Section 3. 4. 1. 7
"Information Requirements Supported" - summary of SERA 2 measure-
ment requirements data
"Sensor Capabilities" - definition of actual sensor measurement
capabilities per Section 3. 4. 1. 7, including the total sensor worth at
each mission point (exclusive of "Supplementary Capability" worth)
"Supplementary Capability Data" - definition of sensor measurement
capabilities where analysis of data over the entire trajectory segment
is required (see Section 3. 4. 1. 7), including the individual worth of
each capability for the entire encounter (the coarsest resolution value
is presented for its informative value only)
"Fixed Experiment Parameters" - fixed design parameters per
Section 3. 4. 1. 6 and design constraints per Table 3-9
"Support Requirements Evaluation" - a summary of selected scaling
law coefficients used and resulting sensor support subsystem require-
ments (per visible/UV spectrometer subroutine summary presented in
the appendix of Reference 2)
A more complete list of sensor and sensor subsystem design parameters
and constraints is provided in the form of a data array which follows the
above output for each encounter. The "DP" data array location definitions
are provided with each sensor subroutine description contained in Appendix B
of this report.
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3.4.3 Sensor Support Requirements Summary
A summary of sensor measurement capabilities and subsystem support
requirements for the optimal level 1976 Saturn visible/UV spectrometer
is presented in Table 3-11. The capability parameters listed are noted in
underline in Table 3-10 under the headings "Sensor Capabilities" and
"Supplementary Capability Data" in the SERA 3 output. Support require-
ments listed are noted in underline below the "Support Requirements"
heading. Generally, the extrema ("maximum" for optimal level, "minimum"
for marginal level) of all requirements are not incurred at a single mission
point, but rather at various points along the trajectory segment. Often,
however, the maximum values of some support requirements correspond
to the first point on the segment at which the sensor is operated, and the
maximum values of the other requirements correspond either to the lowest
point or the last point.
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Table 3-10. SERA Computer Program Data Output (Cont)
PAGE 1
*.x: PLANhS TARY CEStEVAT IF N CbJtCLTJIVS ANiLJ REtwUlP.EMENTS ***
t3SE.k V/hTI[I'N LJEtLTIVE I.. AIC VICL, MiLtf:CLLAR ISCILPIC CELFPcSITICh C2 F ATWOSPFEkE.
GCAL 2 UOtNDESTAD L RIU N 1 At D EV(]LUTIO'4 (iF LIFE.
KNCY4LEDCL Rt iLJ l FL: 1
LBJECTTlVc LCkI Th = C.5C
,s W/HAT /ikE 1hL PHYSICAL ANL CFI-t lCAL FF [Pt TII ES LF PL. ANi TRkY ATMGSPt-.
VS. ALTITtILt, ON GLObAL aN; LCCAL bA 4EH. HAT IS THEt POLE OF TRACE SUB-
STANCES iN DLETtLkRlINIG A 1USPHLEKIC P.CPE-kTII S IN VEhICLE PERFCHRMANCE.
Reproduced from
best available copy.
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OeSERVABLE PRUPEkTY 2C. VISIbLE/CLTkAVICLET SPECTRUP.
CBSERVATION TLC-FNIqUE 15. ULTRAVICLET SPECTRLMETRY e
PLANETARY BCCY 6. SATURN(INCL. RINGS)
CBSERVATION hCRTF. GkCSS WCRTH = 0.25, NET WCRTH = 0.13
UBSERVATION FARAMETER 1. LUNGtST WAVELENGTh UF SPECTRAL BAND (MICRONS)
CESIRED MEASUREMENT CAPABILITY = i.CCCE 00. hCRTH AT IJ.M.C. GRCSS hORTH = 0.50, NET WORTH = 0C.06
MINIMUM MEPSLREMENT CAPABILITY = 1.000E-Cl.
FLRPM CF wCRTh VS MEASLREMENT CAPABILITY FUKCTILN = 11, LINEAR, LLGLCO(RGUMENT)
OBStRVATIUN PARAMETEk 2. SHORTEST WAVELENGTH OF SPECTRAL ANL) (MICRCNS)
CESIREC MEASUREMLNT CAPABILITY = 1.OCCE-C1. hCRTH AT D.F.C. GRCSS UGRTF = C.5C, NET WORTH = 0.06
MINIMUM MEASUREMENT CAPABILITY = 1.OCCE CC.
FCRM CF hORTH VS MEASUREMENT CAPABILITY FUNCTICN = 11, LINEAR, LOGiO(ARGUMENT)
OBSERVATION PARAMETER 3. SPECTRAL RESOLUTION, AT WAVELENGTH REQUIRING HIGHEST RESOLLTION(MICRON)
CESIREC MEASUREMENT CAPABILITY = i.OCOE-C3. hCRTH AT D.P.C. GKCSS GCRTH = C.8C, NET hORTH = 0.10
MINIMUM MEASUREMENT CAPABILITY = 1.COOE-C1.
FCRM CF WCRTF VS MtASLPREMENT CAPABILITY FLNCTICN = 11, LINEAR, LOCIO(AMGUMENT)
OD OBSERVATION PARAMETER 6. NCRThcRNMOST LATI1UDc CF AREA TC BE COVEREC (CEGREES)
CtSIREC MEASUREMENT CAPABILITY = S.CCCE 01. RCRTh AT D.P.C. GRCSS WORTH = C.8C, NET WORTH = C.10
MINIMUM MEASUREMENT CAPABILITY = b.OOCE 01.
FCRM CF wURTH VS MEASLFEMENT CAPABILITY FUNCTILN = 1, LINEAR
OBSERVATION PARAMLTER 7. SOULHERNMCST LATITUGE CGF AREA Tu BE COVLRtC (CEGREES)
CESIRED MEASUREMLN[ CAPABILITY = -6.CCOE 01. hCRTh AT C.F.C. GRESS hORTH = C.8C, NET nCRTH = 0.10
MINIMUM MEASUREMENT CAPABILITY --S.OCOE C1.
FCPM OF WORPTh VS MEASURtMENT CAPABILITY FUNCTILN = 1, LINEAR
OBSERVATION PARAMETER 11. MAXIMUM ALTITUDE OF CBSERVED PHtNOMENON ABCVE VISIBLE 'SURFACE' (METER)
DESIREC MEASUREMENT CAPABILITY = 1.OCCOE C7. hCRTH PT C.!.C. GRCSS hORTH = C.5C, NET WORTH = 0.06
MINIMUM MEASUREMENT CAPABILITY = 1.OOCE G6.
FCRM CF OCkTH VS MEASUREMENT CAPABILITY FUNCTION = 11, LINEAR, LOGiC(aRGLMENT)
OBSERVATION PARAMETER 12. MINIMUM ALTITUCE OF OBSEFVED PHENOMENUN 4rCVE VISIBLE 'SURFACE' (METER)
CESIREG MEASUREMENT CAPABILITY = 1.OCGE 05. ORTH T O.M.L. GKCSS WORTH = C.5C, NET WORTH = 0.06 Z CO
MINIMUM MEASUREMENT CAPABILITY = 1.00CE C6.
FCRM OF WORTH VS MEASUREMENT C'APAeILITY FUNCTIUON= 11, LINEAR, L[GIO(ARCUMENT)I CD
OBSERVATION PARAMETER 13. NUMPER CF SAMPLES CR MEASUREMENTS 3 0
CESIREC MEASUREMENT CAPABILITY = i.OCCE C2. WORTH AT D.F.C. GRCSS GCRTH = C.3C, NET WORTH = 0.03 : 
MINIMUM MEASUREMENT CAPA6ILITY = 1.00CE CC. 8 F
FCRM OF WORTH VS MEASLFEMENT CAPAcILITY FUNCTICN = 11 LINEAR, LCGIO(ARGUMENT) 
Table 3-10. SERA Computer Program Data Output (Cont)
PPGt 3
OBSFRVATIUN PARAMtTtP 14. TIt ELAPSED DURING ACWUISIT:l, CLF ONE SAMPLE (SEC)
CESIKhEU :4ASURtMtNT CAPAbILITY = 1.CCOE CC. hCRTH PT D.M.C. GhLSS twiTH = C.3C, NET WORTH = C.03
MINIMUM MEASUREELNT CAPABILITY = 1.CCCE C4.
FCFM CF hCPFTH VS MEASLCEMENT CAPA1ILITY FUNCIICN = ili, LIIEAR, LCGlIC(ARGLMcNT)
ObSERVATION PARAMETLk i'. INtIRVAL PETW. CUMMENCE4MENT OF IliU SUCCESSIVE SAMPLt ACQUIS. PDS. (SEC)
CESIREC MEASUREMENIT CAPABILITY = i.CCCt CC. hCkTF AT C;.P.C. C-CSS hGLPT = C.3C, NET WORTh = C.03
PINIVUM EPSUSREMLNT CAFPAILITY = 1.OCOE C4.,
FCRM LF WCRTH VS MtASUfLtMFNT CAPA['ILITY FLNCTICN = ii, LIN tEA, LUGIU,(RCUMENT)
w
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*** PLANlEARY LbSEkVATICN CBJtCTIVES ANL IFECUl1E FhNTS ***
CESERVATICN OJECTIVE ld. NCh-[HFRIFL ELECTRECAGNETIC F1iSSICN ChARACTER ISTICS ANC
SOURCE LGCATIGN.
GUAL 2 UNDERSTANUD ORIGIN ANL EVULUTION UF LIFE.
KNCWLEDGt kE XUIREMLT
I
4 khAT Akt ThE PHYSICAL ANC CHEMICAL PRCPERTIES OF PLANETARY ATMCSP'F.
VS. ALTITUuDE, ON GLUBAL AND LOCAL bASES. KHAT IS THE ROLE OF TRACE SUB-
STANCES IN DEIERMINING ATPCSPHtKIC FRUPEkTIES AN( VEFICLE PERFORMANCE.
CBJECTIVE hCtTH = C.55
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OBSERVAELE PRCPERTY 2C. VISIBLt/ULTRAVIO LET SPECTRUM.
CbSERVATIUN TEChNICUE 57. AUHPCRAL ANE AIRGLCk (EPISSiCN) SPECTRA
PLANETARY BOtY e. SATURNtINCL. RINGS)
CBSERVATICN wCkTH. GPCSS W(IRTH = 0.,40 NET WCRTH = C.22
CBSERVAIIUN PARAMLTEit 1. LONGEST hAVELENGTh CF SPECTRAL bANU (MICRCNSI
CESIkED MEASUREMENT CAPABILITI = l.OOOE OC. WORTh AT C.F.C. GRUSS hCRTH = C.5C, NET WCRIH = 0.11
MINIMUM MEASUREMLNT CAPABILITY = 7.CCCE-C1.
FCRM CF [WORTH VS MEASUREMENT CAPAbILITY FUNCTICK = i, 'LINtA
OBSERVATION PARAMETERk . SHURTEST hAVELENGTH CF SFECTkAL EANh (MICCLNSI
CESIREC MEASUHEMLNT CAPFABILI1Y = 1.2CCt-01. CkORTH AT D.P.C. G8LSS NORTh = 0.eo, NET WORTH = 0.13
MINIMUM MEPSUREMtNT CAPABILITY = 4.00CE-01.
FCPM CF WORTH VS MLESLREMENT CAPABILITY FLNCTICN = t1. LINEAR
OBSERVATION PAKAMLILR 3. SPELTRAL RESOLUTION, AT hAVELE-NGTh REQUIRING hIGHEST RESULLTIONIMICRON)
CtSIREC MEASUKEMENI CAPABILITY = 1.C0OE-04. hCRTF AT C.M.C. GRLSS WORTH = 0.6C, NET WORTH = 0.13
MINIFUM MEASUkEMLNT CAPABILITY = 1.000E-03.
FCRM CF WCkRI VS MLtSLRLMENT CAPALILITY FUNCTICh = 14, TRUNCATEC EXPCNENTIAL, LGGIC(ARGUMENT)
OBSERVATION PARAMLTER 4. SPATIAl RtESLUTI;N AT RLGICr% CBSERVED IMETEkS)
CESIREC MEASUREMENT CAPABILITY = 1.CCOE C6. hCRT' AT D.F.C. GRCSS hOkTH = 0.5C, NET
MINIMUM MEASUtEMENT CAPABILITY = 1.OCOF C7.
FCRM CF WORTH VS MEASLkLMENT CAPAbiLITY FUNCTILN = li, LINLAR, LC1OU(ARGUMENT)
OBSERVATION PARAMETER t. NORTHERNMOKST LATITUDE OF AREA Ti BE COVEREC (CEGREES)
CESIREC MEASUEMELNT CAPABILITY = S.CCCE C1. WCRTH AT L.P.C. GRCbS hFWPT = C.6C, NET
MINIMUM McPSURENLNT CMPABILITY = 8.OCOE 01.
FCRM CF ACRTHI VS MtASLREMENT CAPAbILITY FUNCTICN = 4, TkUNCATLL tEPLNENTIAL
OBSERVATIJN PAhAFLTER 7. SOJUTHrPNMGST LATITULE CF ARt-4 TO BE CUVtREG (CtGREESI
DESIREL MEASUREMENT CAPABILITY = S.CCCE C1. .CRTF AT D.M.C. GRCSS WORTH = C.bO, NET
MINIMU MEASUREt;ENT CAPABILITY = 8.0CO C1.
FCRM CF wLCTF VS MLPSLREMENT CAPAdILiTY FUNCTIIN = 4, TRUNCATtD tXPCLNETIAL
(JBSERVATION PAKA<ETER 8. MAXIML SrON ELEVATIuN ANGLE A6dVE HORILZN AT RLGION OBSERVEb
CESIREC MEASURLMENT CAPARILITY = C.C . hCRTh AT D.M.C. GRCSS GCRTH = C.9C, NET
MEASUREMENT CAPABILITY = C.C
wCRTh VS MEASULEMENT CAPAHILI1Y FUNCTILN = 5, STEP FUNCTILN (R)
ION PARAtLTEF S'. MINIMUF SUN ELEVATION ANGLE AoUVt HLRIZGN AT REGION OBSERVED
MtASUAEMCNI CAPAbILITY = -S.CCOE C1. .CRTh AT D.M.C. GRPCSS WLRT = G.5C, NET
MEASUREMCNT CAPABILITY = -3.OCOE C1.
GkrTF VS MEASUrkMENT CAPABILITY FUNCTICN = 2, SINUSCIC
%CRTh = C.11
WORTl = C.13
WORTH = 0.13
(DEGREESI
WOFTH = 0.19
(DEGREES)
WORTH = C.11
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OBSERVATION PARAMETER 10. VERTICAL (ALTITUCE) RESCLUTION (METERS)
DESIRED MEASUREMENT CAPABILITY = 1.000E 04. hCRTh AT D.M.C. GRCSS WORTF = 0.3C, NET WORTH = 0.06
MINIrUM MEASUREMENT CAPABILITY = 1.OOOE 05. . ...
FCRM CF WORTH VS MEASLREMENT CAPABILITY FUNCTICN = 14, TRUNCATED EXPCNENTIAL, LOGLCIARGUMENT)
OBSERVATION PARAMETEK 11. MAXIMUM ALTITUDE OF OOSERVEC PHENC"ENUN ABOVE VISIBLE 'SURFACE' (METER)
DESIRED MEASUREMENT CAPABILITY = 1.OCOE 07. WORTH AT L.t..C. GRCSS r.CkTH = C.7C, NET WORTH = 0.15
MINIMUM MEASUREMENT CAPABILITY = 1.OOOE 06.
FCRPM CF WORTH VS MEASUREMENT CAPABILITY FUNCTICN = 14, TRUNLATEO EXPCNEN1IALt LCCGC(ARGUMENT)
OBSERVATIUN PARAMETER 12. MINIMUM ALTI[UDE OF CdSERVEG PhENCtENUN AbCVE VISIBLE 'SURFACE' (METER)
CtSIREC MEASUREMENT CAPABILITY = 1.000E 04. hCRTH AT C.M.L. GKCSS kCRTH = C.5C, NET WORTH = 0.11
MINIMUM MEASUREMENT CAPABILITY = 1.OCOE C5.
FCRM CF WOFTH VS MtASUREMENT CAPABILITY FUNCTICN = 11, LINEAF, LOGiO(ARGLFENT)
OBSERVATION PARAMETER 38. LATITUDE INTERVAL (CEGREES)
DESIREC ME-ASUREMtNT CAPABILITY = 1.CCCE C1. ICRTH AT U.M.C. GKCSS hCRTH = C.SC, NET WORTH = 0.11
MINIMUM MEtSUREMENT CAPABILITY = 2.OOOE Cl.___ _ _
FCRM OF wCRTF VS MEtSLREMENT CAPABILITY FUNCTICN = 11, LIN. A LNE A  O(ARGUMENT
Reproduced from
vN best available copy.
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V** PLANETARY CBSERVATICN CBJECTIVES ANr REqUIREtMLNTI ***
LBSEfVATICL LL3JtLTIVE 12. ATICIC, MCLECULAk, ISCTCPIC CCtPLSITIN, OF ATMUSP-EKE.
UJAL ; UNI)ERSTAND ,PIGIN ANL tVULUTIUN OF LIFt.
KNLiLEDGE kEtCUIKtME1fT
Io
0%
w
4 WHAT ARt THE PHYSICAL ANC CLFEICAL PRCPERTIES OF PLANETARY ATMOSPH.
VS. ALTITUI)EL ON GLUHAL ANID LCCAL bAbtS. iHA1 IS THE HCLE OF TRACE SUB-
STANCES IN ULTEkRINING ATNCSPFEKIC PRCPEkTIbS ANL VEFICLE PERFORMANCE.
CCJECTIVE hC-TH = C.7C
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OBSEkVAbLE POUPERTY ZC. VISIBLL/LLTRAVIOLET SPtCTR
. Repd rodu ~le covPY
-. I~~o±ued~
CBSEPVATILN TECFNI(UE i4. VISICLE SPECTRCMETRY bes avt- -
PLANETAKY HOLY e. SATURN(INCL. RINGS) -
CBSERVATICN hCRTH. ;hLSS wCRTh = C.70, NET hCRTH = C.49
COSERVATIUN PARAMLtTER 1. LONGEST WAVELENGTH iF SPECTRAL bANL (MICKONS)
CESIREC MEASUREMLNT C£PA~iILITY = H.CCCE-01. hLkTF AT U.M.C. GRCSS WhOTH = c.eO, NET
MINItUMN MLtSUREMENT CAPABILITY = 7.000E-C1.
FCkM CF 4CFTH VS MCASIJRLtMENT CAPAbILITY FUNCTILN = 1i LINLAR
OcSERVATION PARAtTEIt 2. SHORTEST WAVELENGTHt OF SPECTRAL bAND (MIC<CNS)
DESIFEE MEASUREMLEN CAPABILITY = 5.CCCE-C1. hCRTH AT O.M.L. GRCSS hOHTh C.6C, NET
MINIMUM MEASURErMLN1 CAPABILITY = t.CCCE-01.
FCRM CF wChlh VS MLASLkEMENT CAPAdILilY FUNLTICN = 1, LINEAR
CBSEKVATI(JN PARAMEtEk SPECTRAL KESCLUTIlNt, AT hAVELENLIF R~tUIRIN'v HIGHEST RESOLLTI
CESIREu MEASURHMEiT CdPAH[ILITY = .CLCOE-C4. KCRTH AT D.M.C. (GCRS hCRTH = 0.6C9 NET
MINIMFU MEASUREIENT CAPABILITY = 2.CCOE-03.
FLRM CF wjPTH VS MEASGLEMENT CAPAoILITY FUNCTILN = i, LINEAR
OdSERVATION PARAMETtR 4. SPATIAL RESOLUTICN AT REGICN CbSEPVED (METERS)
CESIKEC MEASUKERENT CAPABILITY = i.CCCE C5. WCkTH AT D.M.C. GRCSS wCRTH = 0.50, NET
MINIMU MEAtSUREMENT CAPABILITY = 1.OCOE C7.
FCRM Cf WCRTMI VS MEASLkEiMENT CAPABILITY FUNCTICN = 1, LINEAR
OBStRVATION PARAMETLR 5. FRACTICN UF SURFACE AREA CF PLANET CuVEREC (PERCENT)
LESIkRL MEaSUPEMENT CAPAbILITY = I.CCGE C2. CFRTF Al D.M.%. GRCSS WCHTH = C.5Ct NET
MINIMFU MEHUREMENr CAPABILITY = .GOCCE Cl.
FCRM CF nUPTH VS MEASUREMFNT CAPABILITY FUNCTICN = 1, LINEAR
OBSERVATION PAAMETETt 6. NOrTHEtNMOST LATITCtE CF AREA TO DE COVERED (LEGREES)
CtSIRED MEASUREMEIrT CAPAUILITY = S.OCCE C1. hCFTH AT U.M.C. GRLSS W(CRT = 0.30t NET
MINIMUM MEASUREMENT CAPABILI1Y = C.C
FChM UF WORTH VS HEASUkEMENT CAPAtlLIIY FUNCTICN = 2, SINUSCIC
LUSERVATIJN PARAMETER 7. SOUTHLRNV(}ST LATITUCE CF AREA TC bE COVERED (CEGREES)
DESIREL MEASURktMNT CAPABILITY = '.CCCE Cl. NCRTH AT DC..L. GRLSS WORTH = C.3C, NET
MINIMUM MCASLHEMENT CAP;3DILITY = C.O
FCRM CF nCRTH VS MEASLUEMENT CAPABILITY FUNCTICN = 2, SINULSCID
OBSERVATION FARAMETEk ,. MINIMuM SUN ELcVATICIN ANGLE ABUVE HORIZUN AT REGION CBSERVED
CESIFEC MEASUREMENl CAPABILITY = C.O . WCRTF AT ;.M.C. GRCSS hORTH = 0.1C, NET
MINIMUM MEtSUREMENT CAPABILITY = 3.OC0E C1.
FCRM OF wORTF VS MASLUktMENT CAPABILITY FLNCTICN = i, LINEAR
WORTH = 0.29
WORTh = 0.29
ON(MICKON)
WORTH = 0.29
WORTh = 0.24
nORTH = 0.24
WORTH = 0.14
WORTH = 0.14
(DEGREES)
WORTH = 0.04
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4** PLANETARY C3StRVATIUN LBJECTIVES ANC ktEUIRtMENTS ***
CBSERVTICIN LUJELTIVE 12. AICLIC, MLLECULAR, ISLCTCPIC CLM4PUSITION CF A ILSPhEt.
UiJL 2 UNDERST'NC lRIGIN ANtC EVCLUTILN CF LIFEt.
KNCLEtDCE LUCUiREMENT
I
0.
Ln
4 4HAT ARE Tht PhYSICAL A.C CHFILcAL FkCPENTiES (.F PLANETkRY ATMOSPH.
VS. ALTITUDt, LIN GLLCAL A IJ LLCAL APSES. nhAT IS THE kGLE CF TRACE SUd-
STANCES IN LETERMINING ATVCSPFhrlC PRuPEFTIES iNC VEthICLE PERFORMANCE.
CeJECTIVE hCR TF = J.3C
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OBSERVABLE PROPERTY 2C. VISIBLE/LLTRAVIOLET SPECTRUM.
CBSERVATILN TECFNIQUE 14. VISIBLE SPECTRCMETHYY v
PLANETARY BODY 6. SATURN(INCL. RINGS)
CBSERVATION wCkRTH. GRCSS WURTH = 0.O0, NET WChTH = 0.09
OBSERVATION PARAMETER 1. LUNGEST WAVELENGTH CF SPECTRAL bANC (MICRONS)
UESIRhE MEASUREMENT CAPABILITY = 8.000E-01. WCRTF AT D.P.C. GkCSS WORTH = C.50,
FINIMUM MEASUREMENT CAPABILITY = 5.OOOE-01.
FLPM CF WURT- VS MEASUREMENT CAPABILITY FuNCTICN -1,' LINEAR
OBSERVATION PARAMETER 2. SHORTEST WAVELENGTH UF SPECTRAL BAND (MICRLNS)
LESIREt MEASUREMENT CAPABILITY = S.OOCE-C2. wCRTH AT D.M.L. GRCLS WCRTH = 0.50,
MINIMUM MEASUREMENT CAPABILITY = 1.200E-C1.
FCRM CF ,GRTH VS MLASLkEMENT CAPABILITY FUNCTICN = 1, LINEAR
PAGE 10
NET WORTH = 0.04
NET WORTH = 0.04
OESERVATION PARAMtTER 3. SPECTRAL KRSOLUTIUN, AT WAVELECIH REQJlklING HIGHEST RESGLUTION(MICRONI
CESIRtL MEASUREMENT CAPABILITY = 1.OCOE-05. WhLTh AT D.M.C. GRCSS hCRTH = C.30, NET WORTH = 0.02
MINIMUM MEASUREMENT CAPABILITY = i.000E-C4.
FCRM CF WMCTH VS MEASLNEMENT CAPABILITY FUNCTICN = 1., LINEAR, LOGiO(AKGUMENT)
OBSERVATICN PARAMETEtR . MINIMLM SUN ELEVATION ANGLE ABbVt HORIZON AT kEGION CBSERVED (DEGREES)
CESIREC MEASUREF;tNT CAPABILITY = C.C . ACkTH AT D.M.C. GRCSS WORTH = C.1C, NET WORTH = 0.00
MINIMUM MEASUREMFNT CAPABILITY = 3.000E C1.
FCRM CF WvORTH VS MEASUREMENT CAPABILITY FUNCTIO(;N =' , LINEAR
I
0"
0"
o n0
z co
o
o
0
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SERA Computer Program Data Output (Cont)
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*** PLANETARY CBSFhVATIGN CBJECTIVES ANL EC(UIREMENTS ***
LbSERVATILN OBJECTIVE 12. AIUMIC, MCLECULAR, ISCTCPIC CLMP(!SITIGN uF ATMbSPFERE.
GOAL £ UNCERSTAND CRIGIN AND EVGLUTICN CF Ll-E.
KNCwLLCGE kEtUIREtMN1
!
-.
-j
4 wAHAT ARt THt PHYSICAL ANL, CHEtICAL FRuPEPTIES [t, PLANETAR' ATMOSPH.
VS. ALTITUDE, ON GLOLAL AND LOCAL eASES. i'HAI IS THE ROLE OF TRACE SUB-
STANCES IN LETERFINING AT,'GuSPHEIC FOAPmt'TI ES ANC VEtICLE PERFORMANCE.
CeJECTIVE ICRTi- = .3C
cn
o
1
-J
I
t-
z c
o *D
30
CD
3:
o
) '
Table 3-10.
Table 3-10. SERA Computer Program Data Output (Cont)
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OBSERVAELE PRGPERTY 2C. VISIBLE/LLTRAVIGLET SPECTRUm. Reproduced fro
CGStRVATION TECFNIQUE 17. ULTRAVICLET SPECTTRCMETRY y 
PLANETARY BOCY t. SATURli(INCL. RINGS)
CHSERVATICN hCRTH. GRCSS "CRTH = C.40, Ntf hCRTH = C.12
UBSERVATIUN PARAMETER i. LONGEST AAVELENGTH OF SPECTRAL BAND (MICRONS)
DESIkEC MEASUREMENT CAPAHILITY = b.CCCE-C1. WCRTH AT U.M.C. GRCSS hCRTH = C.5C, NET hCRTH = 0.06
MINIMUM MEASUREMENT CAPABILITY 5.000E-C. _
-CPM CF oCRTH VS MEASURLMENT CAPABILITY FUNCTICN = i, LINEAR
OBSERVATION PARAMETER 2. SHORTEST hAVLLENGTH OF SPECTkRL BANJ (MICRCNS)
CESIRED MEASUREMENT LAPAIILITY = S.CCOE-C2. NCRTH AT L.M.L. GRCSS hCRTF = C.5C, NET nORTh = 0.06
MINIMUM MEASUREMENT CAPABILITY = 1.2001-01.
FCRM CF KUPTH VS MEASLREMENT CAPAdILITY FUNCTICK = i, LINEAR
O]BSERVATIUN PARAMETER 3. SPECTRAL KESULUTIGN, AT hAVELcNGTH RwUlKRING HIGHEST RESCLLTION(MICRON)
CESIREL MEASUREMENT CAPAiILITY = l.COOE-C5. hLkTF AT D.M.C. tiRCSS hURTH = C.30, NET hORTH = 0.03
MINIMUM MEASUREMENT CAPABILITY = I.OGOE-04.
(71 FCRM CF WLRTH VS MtASCKEMENT CAP AILITY FUNCTILN = 11, LINEAR, LGGOU(ARGUMENT)
00 OBSERVATION PARAMtTER 4. SPATIAL RESOLUTICN AT REGICN CtSERVED (METERS)
CESIREC MEASUREMENT CAPAbILITY = 1.OCCE C5. hCRTH AT 0.F.C. GRCSS hCPTH = C.bO, NET WORTH = 0.07
MINIMUM MEASUREMENT CAPABILITY = i.OCOE 07. _
FCRM CF WGRTH VS MEASLhEMENT CAPAdlLITY FUNCTICN : 14, TFPNCATEU EXPONENTIAL, LCGlC(ARGUMENT)
OBSERVATIUN PARAMETLe 9. MINIMLW SUN ELEVATILN ANGLE AbLJVE H(RIZUN AT REGILN OBSERVED (DEGREES)
CESIREt MEASUREMENT CAPPC;ILITY = 0.0 . KCRTF AT D.F.C. GRCSS AORTH = C.1C, NET WORTH = 0.01
MINIMUM MEASUREMENT CAPAdILITY = 3.000E 01.
FLRM CF WCRTH VS MEASUREMENT CAPABILITY FUNCTICL = i, LINEAR
zco
0
53-
CD
Table 3-10. SERA Computer Program Data Output (Cont)
PAGE 1-3
t'** PLANETARY COLSERVATICN CdJECTIVtS ANCL REiUIkEMENTS 9'4:
OStEkVATICN uBJtCrlVt 12. ATLrIC, MGLeCULAR, ISCTCPIC CLPLI;SITICN CF ATMOSPFER: .
GUL 2 uNLLERSTANI ORI<GIN AND EVCLUTIOlN (IF LIFL.
KNLWLEtDGE RECLIILMENI 4 vhAT AKE THE PHYSICAL ANEC CtEMICAL PRLP ikTIES CF PLANEItRY ATMSPH.
VS. ALTIIUDE, UN GLUtAL AND LCCAL bASES. ,HAT IS THE RCLE CF TRACE SUR-
STYNOCtS IN [:ETERhlINlKG AThCSFHtkIC PRCPLRTItS ANC VEFICLE PERFCRmANCE.
CEJECTIVt KCRTF = O.tC
-4
0
-J
I Ztc)
o 04
- C
0D>
CD
M. <
o
I
I
Table 3-10. SERA Computer Program Data Output (Cont)
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GeSERVABLE PPCPERTY 2C. VISIBLE/LLTPAVIO LLT SPECTRUM. Podued omRept aiab~e coP 
CESERVATIUN TECFNICUL i5. ULTRAV[CLET SPECTRLMETRY
PLANtTARY BCCY e. SATURN(INCL. RINGS)
CBSEhVATION hChRT. GRUSS WORTH = O.cO, NLT hCRIt = U.3t
OdSERVATION PARPAMTEh 1. LUNGEST hAVELENGTH LF SPECTRAL BANE (MICRLNSI
CESIfkED MEASUREMENT CAPABILITY = 3.000E-Oi. WCRTH AT D.h.C. GRCSS hURTh = C.99, NET WORTH = C.35
FINIMUM MEtSUREMENT CAPABILITY = 2.50CE-Cl.
FCRM CF nCORIH VS MtASLREMENT CAP.a1ILITY FUNCTILN = 2, SINUSCIC
OBSERVATION PARAMETER 2. SHORTEST nAVLLENGTH CF SFECTRAL ANKU (MICRCNS)
LESIkEL MEASUREMiNT CAPA3ILITY = 1.5CCE-O1. hCGRTH AT OD.M.C. (,RCSS hORTH = 0.99$ NET WORTH = 0.35
MINIMUM MEASUREtENT CAPAUILITY = 2.GOCE-C1.
FCRM CF wCPTH VS MEASUREMENT CAPABILITY FUNCTICN = 2, SINLSCIC
06SERVATION PARAMETER 3. SPECTRAL RESULUTICN, AT hAVELENGTH REGUIKING HIGHEST RESOLUTION(MICRUN)
CESIhEL MEASUREMENT CAPAbILITY = 2.5COE-03. CiKTF AT O.F.C. GRLSS WORTH = C.9S, NET WORTH = 0.35
FINIMUM MEPSUREMLI\T CAPABILITY = 2.OCOE-C2.
FCRM CF wORTH VS MEASLREMENT CAPABILITY FUNCTICN = 2, SINUSCIC
o UHBSERVATION PARAMtTER 4. SPATIAL RESOLUTIGN AT REGICN LbStFVEC (METERS)
UESIRED MEASUREMENT CAPABILITY = L.OCCE 06. ACHTH AT L.M.C. GRCSS hORTH = C.4C, NET hCRTH = C.14
PINIMUM MEASUREMENT CAPABILITY = 1.OO00 C8.
FCFM OF WORTH VS MEASLREMENT CAPABILITY FUNCTICN = 11, LINEAP, LCGIC(ARGUMENT)
0
a'(D
M .<
Table 3-10. SERA Computer Program Data Output (Cont)
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+ CS STIr IN GLNT CBSckVATIC;N REUlhEYENT FCR EACH
K N(.,d L t L,GL LBSERVATILN (,bSt-hVAi LE PLANETARY
KL(QUIRE6NTI CBJECTIVE PPCPtRTY BCOY
4 1 : 2rC 6
4 12 20 6
1- .12 20 o
4 i21 2(. 6
4 1L 20 54 ~1Z 2C 6
4 12 6O b
4 1~ z2 6
4 18 2C 
,, L8 2C o
4 I 2 o
4 oi 2C 
4 12 62 o
e 18 2' 6
CSt RKVATION P4RAFcTER +
LbSHRVATICN CUSEfVAI ION
TEOCNIlUE PFAMETtEk
57 i
i5 2
15
1? 4
14
14 6
14 7
t)7 E
57 c
537 i0i
57 11
57 i 
ij 1,
i, i4
15 t5
51 8
CBSERVATION
REU IREMENT
1.OCCE 00CC
S.CCCE-02
I.GCOE-05
1.CCOE 05
1.OCOE 02
9.nCOE 01
9.OCOE 01
-5.0COE 01
L.0
S.OCOE 
1.CCCE 04
1.CCOE 07
i.GCOE 04
i.rCCE 02
I.OCCE OC
1.CCCE OC
1.CCCE 01
GCAL
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
-
U.).I
-1
z cn
o la
o
0
CD3 5
' 
Table 3-10. SERA Computer Program Data Output (Cont)
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** MISSICN MEASUHKEtNl REQLIREMENTS eY TECHNIQUE FUR ALL CEJECTIVES ***
MISSION 7. EARTH-JUPITER-SATUPN FLYtdY, LAUNCH 7/30/76. PLANET 6. SATURNlINCL. RINGSICASE 1
Oes. TECF. i5. GLTRAVICLET SPECIRCMETRY TOTAL CBSERVATICN WORTh, 2.S5
ALL OBJECTIVES
OBS. CGJECIIVE 12.ATUMIL, MCLECULAR, ISCTCPIC CCMPLSITILN CF ATVOSPFEkt.
OBS. WORTH C.5C SD 70-2i PAGE C092
oeS. CdJECTIVE 1e.NON-THERMAL ELECTRCMAGNETIC EPISSICK CHARACTEIIS1ICS ANC SCLJREt LOCATION.
OBS. WORTH C.55 SD 7C-24 PAGE C096
OiS. CBJECTIVE 12.APTUIC, MCLECULAR, ISCTLPIC CGMPCSITICN CF ATFCSPFERE.
OBS. WORTH 0.70 SD 70-24 PAGE CCS7
CBS. CEJECTIVE 12.ATOMIC, FCLLCULAR, ISCICPIC CCMPCSITICN CF kTPCSFPt-EE. ducd 
W OBS. WORTH C.3C SD 70-2. PAGt CL0d
N OBS. CBJECTIVE 12.ATOMIC1, MCLECLLAP, ISOTCPIL CCFFCSITICN Cf PTMCsPIRt. _
UBS. WORTH C.30 SO 7C-24 PAGE C099
ces. CBJECTIVE 12.ATOMIC, MCLECULAR, ISCTOPIL CCMPUSITICh CF ATMLSPFhCE.
OBS. WORTH 0.60 SD 70-24 PAGE CIC4
z co
0
CO
00~
Table 3-10. SERA Computer Program Data Output (Cont)
CASE 1
FIXED MISSICN ANL EXPEIItNI FPARAMETERS
I PERIAPSIS ALTITUOE (KV)
2 INCLINATION (CEGREL)
PAGE 17
6.0370E 04
i.24COE 01
SPECIAL CHKnACTE.ISTICS OF SELECltC TRAJECTCRY PLINIS
PCINT 1- MAXIMUM ALTITLUi FOR SENSOR LSA.E
PCINT 2- MINIMBL ALIITLDE FOR SENSOR LSAGE
LI)
I
-j
C,.
o la
ID
3 0
0 I
CD
o
=
2D
Table 3-10. SERA Computer Program Data Output (Cont)
** RECUIkcMELNS AT bELiECTE MISSICN PCINTS **
TINE TO PERIAPSIS (SEC)
TRUE ANOMALY (CEG)
SURFACE ALTITUCE (KM)
LATITULE (LECREEI
LCNGITUUE (CEGREE)
GROUND SPEIC (KM/SLC)
SPACECRAFT VELC(ITY(KP/SLtC
RADIUS RATE (KM/SEC)
NADIR ANGLEL AIE (DEG/F(IULR)
SUN-PLANET-S/C ANGLE (LEG)
EART--PLANEI-S/C ANCLE(CEG)
SCLAR LENITh ANGLE (LCtG)
PT. 1
5 .35CCE 04
-1.2CCCE 02
E.CECCE 05
5.55CCE CO
4.641CL C1
S.'C5Ct CC
i.4CCCL C1
-'1.34eCE C1
2.5tCCE CC
2.34CCL Cl
2.41COL C1
2.34COE 01
F7T.
6.7ICCt 03
-b.5CGCE 01
i. IC2CE C5
-5.d3CCEL 0
1.70CCCE-O
4 .440 OE 30
£. S9CE G1
-i.411Ct 01
7.uoOCE O0
7.10OCE 01
7.o700E 01
7.810CE 01
PT. 3
~~~podued m
e t o- Y-
MEASUREMtNT REtLIREMENT 1 PAXIULF ktVELENGTF (lICRCN)
OPTIPAL/MARGINAL VALUES 1.CCCOE 00/ I.OCOOE-O1 1.C3OOC OC/
OPTIMAL kCRIF C.ql C.SI
MEASUREMENT RECUIREMENT
OPTIFAL/MAKGINAL VALUES
OPTIFAL WLRTF
MEASUREMtNT RECLIREFENT
OPTIMAL/MANRIN-L VALUEz
OPTIMAL hLRT-
MEASUREMENT RECUIREMEN1
OPTIFAL/MAt~uINAL VALUES
OPTIMAL 6CTF-
2 FINIMUM %AVELENGTIF (.ICRCN) .....
S.CCCOE-OL/ I.uCOCE OC 9.000UE-02/
C.S3 0. .3
3 SPECIhAL hESOLUTICh (IICRCN)
l.CCOOL-05/ 1.GOOOGE-Oi 1.00CL-05/
C.S 2 C.52
i4 s$ AGULAR RESOLUTION (CEGREE)
7.1C87E-03/ 5.7CCOE O1 4.7oc7E-U./
3.q8 3.So
1.00COE 00 0.0
1.0000E-01 0.C
5.70COE 01 0.C
MEASUREMLNT Rt-LIREFENT iS
UPTIMAL/mAuIuAqL VALUES
OPTIMAL hCTTF
NLeteF CF SAFPLES CR PEASUPEPENTS
I.CCCGE 02/ 1.CCOCE OC' I.OCC C2/ i. CC-, L0 .C
C. C . C 
0.0
MEASUREMtNT HtLUIkREt NiT Lc FhAC. TltN LF SURFACE AHEA 'F PLA il IN L Nt FILLU CF VIE (PERCENT)
OPTIFAL/MA~UINAL \LtUtS i.CCCCL 02/ i.OCO0t 01 I.C0' 0 L u2/ 1.uOCCE C1 0.C / 0.0
OPTIPAL hCkTh C.24 O.c4
0.C
0.0
CASt 1
PAGE 18
PT. 4
/ 0.0 0.0 / 0.0
/ 0.0
/ 0.0
/ 0.0
0.0
C.O
0.0
/ 0.0
/ 0.0
/ 0.0
/ 0.0
/ 0.0 z cn
o 
C DD tD
. <
0 -
DO:
o
o
i.0300t-01 0.C
Table 3-10. SERA Computer Program Data Output (Cont)
** R RCEMIRtENS AT SELECTED MISSICN PCINTS **
PT. 2 PT. 3
MFASUkEMENT RELLIREWEN1
UPTIPAL/WARGINAL VALUES
OPTIPAL WCRTF
i2 t VIEWING AXIS ANGLE TC IHE VERTICAL, aI THE SPACECRAFT (IEGREE)
0.C / 0.0 C.C / U.c O.C / 0.0
e.CC t.CC
MEASUREMENT kLUUIREthENT i3 C VIEwING AYIS ANGLE TC THE SURFACE T A GENT PLAINE, AI SPACECRAFT (DEGREF)
OPTIPAL/MARGINAL VALUES S.CCCCc 01/ q.CCOOE 01 S.COOCE 01/ 9.oo]COE Cl C.0 / 0.0
OPTIFPL WGRTF t.CC e.CC
0.0
c.c
PEASLREMENT RHELIrtVFNI
UPTI PL/FARGINaL VALUES
nPTIMAL hCkRT
MtASLREMENT RECIIPRYLNT
OPTIMAL/MARGINAL VALUES
OFTIMAL WORTH
TCIAL CPTIMAL hURTH,
33 NCRTHtRNFLST LATITLGE CF PREA TC dE CCVELEC (LEGREES)
S.CCOCE 01/ 0.0 S.CCCCE O1/ 0.0 C.0
C.37 C.37
34 SCUTHERNMCSI LATITLLE CF AREA TC BE CCVLkEh (LtGkEES)
.CCCLE 01/ -S.COCOE Cl 5.COC5E Oi/ -9.00^CE CI C.C
C.37 C.37
4.2732E-CG 4.27 3E-02
PT. 1
CASt I
PAGE 19
PT. 4
Lo
U1
/ 0.0
/ 0.0
/ O.C
/ 0.0
O.C
0.C
/ 0.0
/ 0.0
0~
Z U)O n
g- D
> eD
3 a
:3. <
'o
00
Table 3-10. SERA Computer Program Data Output (Cont)
PAGE 20
V*** ISSICN MEASLREMtNT REQUI RFENTS BY TEChNICUL ANC OEJECTIVE ***
MISSION 7. EARTH-JUPITER-SATURN FLYBY, LAUNCH 7/5C/76. PLANET 6. SATURN(INCL. RINGSICASE 1
OBSERVATION TECFNIQUE i5. ULTRAVILLET SPECTHCMETRY
OBS. OBJECTIVE 12. ATOMIC, MOLECULAR, ISLTCPIC COMPOSITICK CF ATMCSPHERE.
OBS. WORTH C.5C SD 70-24 PAGE CCS2
FIXED MISSICN ANC EXPERIMENT PARAMETERS
I PERIAPSIS ALTITUDE (KM) 6.037CE 04
2 INCLINATION (CFCREE) 1.24COE Cl
SPECItL CHARACTERISTICS OF SELECTEE TRAJECTCRY PCIKTS
PCINT i- MAXIMLM ALIIITDE FOR SENSCR LSAGE
PCINT 2- FINIFLM ALTITLCE FOR SENSCR LSAGE
0L
zaZ)
8 u,0
o
Table 3-10. SERA Computer Program Data Output (Cont)
TINE Tu PLF.lI/PSIS (SLC}
TfUt PNU_ A'L Y ( LEG)
SURhFFLt ALTITUCE (KKM)
LATITULL (LCLREE)
LCNGITUCE ( GLCREEL
GPC'uN[C jPfiL (KKt/SEL)
SPACELP AFT VLLCC I TY(K'/S-C )
APDIUS fAT (Kiv/SEC)
N.A IC ANGLc 2tTl (AET,/E LT
SUN-PLatNE -S/C ANGLL (.tC )
EARKT-PLAtT-S/C tA.CL_ (JLC )
SGLLaR ZENIT- ANCLE (i -- )
* RFE(LIKLMEITS
PT. 1
.. 3,(CL C4
-1.20(2 G02
E.0etC1 0T5
5.55CCE CUiU
4. 4iCL C 
C. '5CC ( CC
i.4CCCL C1
-- i. )4 EC C1
.5tCCt 0O
2.3'CCL Ci
Z.4iCCt Ci
2.3A4Ctc 1I
A1 S L tCTLU MI SSI
PT. .
..ziLCE C)
-S.C30CE 09
1.7CCCL-CGi
.4 LCCE: G0
.. 2iSiCr Ci
7 . CCCL ! \ beSt'
7.c1CtE 01
7.E7CC[ i
7.L1Ct£ ul
PCINTS **
PT. 3
MEASLkEMLNT R tbLL I kt T i
OPT I iAL/NALhLC INAL VaLUWi.
0PTIPAL Lril'F/,LkTh FC'ihk
w' MtSUREtMt Nl E.U U IP EMt N r 2
GPTI rAL/NA.GINAL VALiIL,
--1 OP IDIAL l.K .Tt-/ CfT F t CrWl
MEASUtFLENIl kECLEIREvi..
iPII PAL/YAk.",'N/ L VALCJt]
(OPTIV/L ,CRTH/,Lf: TF F(i
NAx l i4M ;.MAVEL[ ( NTI- ( ICKL\ 
1.CCCL C O/ 1. CiC) C-C 1.., :CL iC/ i. JOC3- Cl
C.C / II .. t/ i 
VlINtIrLUM L VLLiNCTF ( ILP PLN)
I.C :COo-i./ I..C, CE CC . i.:C c-i /
C. l./ . i . . L/ i,
i.0:J3; C'_
SPECTIZAL CSIELLTICN (lICkCN)
1.. i12CC-/ 1. CCO - C i(.OC' -/ .
C.IC/ 1. C.iC/ ii
MCEASUirEMtlENT RECL IRE"til, i R NLdER C F SA;I'L-S cF iE.AU'L2ENI S
UPII PL/i.AK,INAL ViLUL ' 1. CCCCL 0/ 1.CCCF OL ;.CCL _t C /
UPTI MAL hLvKCTF/LF TFI fKU" L C.C / ii . _ / ii
i.')CL CC!'
C.C
C.C /
.Cr
I .0 /
C.C
C.O /
C .C
C.G /
C
MEASLK tEMNT RECILIREMENT i2 /VIEl ING AX I L/hGLE TC ThE VEr I iuiL,Li 'IIrL SF ;:, 1 Lr FT (LEtREEt
OPTIAL/M A fINAL VAL ./ .C / ^.C . C.C
OPTI PAL FC:F-/. CP TF rIL" 1.CC/ I ./ C: t c.0 / 0
ME SURttLl' N I :bl M lbl It I- Vlt' I!i 'A',iS /,IULE 1L THt SuRj ALL I ANlsLT PL Aiic, AT
OPTIPaL/ MAi 'INA L VALUL. c. SCC': 0i/ ',.CrCCOE Ci '.:,CCOt Ci/ S.0(:O3 C i
OP IItML ICr. Ti/ ACRTh tF, 1I.CC/ Ie .CC/ C
/ .C0
/ C.C
/ 0.C
/ 0.C
0.0 G
SPAC iCc AA F (DtEGi E I
C.C / C.C
C.C / 0
CASE 1
PAGE 20
PT. 4
0.0
C.C /
C.C
C.0 /
C.C
C.C /
/ 0.0
/ 0.0
/ 0.0
/ 0.0
C
C
C
C
C
0
C .C
C.0 /
O.C
C.C /
/ 0.0
/ 0.0C .C
C.0 /
0 l
CD
S 0
-. ·
0
o
fD
,,
Table 3-10. SERA Computer Program Data Output (Cont)
PAGE 21
CASE 1
** REQUIREMENTS AT SELECTtC MISSILN PCINTS **
PT. 1 PT. 2 PT. .3 PT. 4
MEASUREMENT REMQUIREMENT 33 NCRTHERNhCST LATITLLE CF PhtEA TL BE COVEEtD (CEGFEES)
OPTIMAL/MARGINAL VALUES S.OCOOE 01/ 6.0OO0E 01 S.0000L 01/ 6.OOO OE 0.0 0 / 0.0 0.0 0.0
OPTIMAL WORTF/kCRTF FCRM C.IC/ 1 C.iC/ 1 C.0 / 0 C.O / C
MEASUhEMENT REtLIREMENT.34 SCUTHERNMS.T.LATIITLL 5F AREA TC. BE COVEREU (GEGPEES)
OPTIMAL/MhRGINAL VALUES -6.COOUE 01/ -S.OCCOE 01 -6.OCCOL Cl/ -9.0OOOOEt 0.0. 0.0 0.0 / 0.0
OPTIFAL WCRTH/kCRTF FORM C.1C/ 1 C.iO/ 1 0.0 / C 0.0 / 0
TOTAL OPTIMAL CLRIH, 1.C8CCE-C7 1.0800E-C7
Ij
OJ
O
0
0
Table 3-10. SERA Computer Program Data Output (Cont)
PAGE 22
t** ISS ICi M AUl:kLtPl Nl rcLUI ,hCt'Lf S BY TcCr'lNIQUF "hL CBJECTIVt t *
PISS Cil' 7. i:A,,H-JUPIT LR-SAT LJ! FLYtlY, LAUiNCIF 7/JC/7L. PL/,NET 6. SATURNI INCL. F INGS)CASE 1
OeSERVAT1CN, TiLCI-NIUL b7. ULTRAVICLEl SPECTRLLMLCTY
OL S. .BJtCTIVE 1V . ;lJN-THcF.m'AL LLLCTkiELAGNE TIC ElISIlILN CHF A-ACTE: ISI ICS ;AN', SOUkLt LCCATICiN.
UBS. Uk'lt- .. 5 SU 7,'-24 PAGE CCtL
FIXLL FP I 'SICN I NC EXP ERIMEt\ I FPARAVETcR,
1 PEr IAPSIS ALTITUC (IrM) b.C370E 0',
2 ItCLIIATICN (CEL'LE) 1.24CCE 01
SPLCIAL LFtAiALTF 'ISrIC5 tF StELtCITL;I fRJt CICY PrL, LTS
PCI1N1 i- .X I,'LM ALl I IULE FijR SEtSCLk LC):.i
POINT ,- Ml JIVLM ALTIlTULE fiJK tScSCk LSihcL
0
NOT REPRODUCIBLE
z (
0 'a
30
> 
CD
Table 3-10. SERA Computer Program Data Output (Cont)
TIME TO PERIAPSIS ISEC) -
TRUE ANOMALY (CEG)
SLRFACE ALTITUCE (KM)
LATITUDE (CEGREE)
LCNGITUDE (ICECEE)
GROUNG SPEED IKM/SEC)
SPACEChAFT VELCCITY(KM/SEC)
RADIUS RATE (KM/SEC)
NACIR tNGLt RATE (CEG/FOLRI)
SUN-PLANET-S/C ANGLE (DEG)
E.ARTI-PLANET-S/C ANGLEIDEG)
.SOLAR ZENITH ANGLE (DEG)
PT._ 1
5. 39COE
-1.20COE
6.06COE
5.55CCE
4.'41CE
S.99C0E
1.40CCt
-1. 3480E
2.56CCE
2.34CCt
2.41CCE
2.34CCE
** REQLIREMENTS 4T SELECTED MISSICN PUINTS **
PT._ '__2 2 PT. .3
C4 b.7400E 03
02 -b.5000E 01
05 1.2020E 05
00 -5.E3CCE CO
Oi 1.7CCCE-Cl
O, __ 4.4_Q40CE 30
01 2.299Ct Ci
01 -1.411CE 01
OC 7.62GCE OC
01 7.8100E 01
01 7.b70CE 01
QL" ._ _. . _ 7.bO._CEO_ l
MEASUREMENT REWLIREMENT I MAXIMUM hAVELENGTF (MICRCN)
OPTIMAL/MARGINAL VALUES 1.COOOE 00/ 7.OCOOE-01 1.00GOOCE OC/ 7.0000E-C1
OPTIMAL WGRTH/WCRTF FORM C.11/ i C.11/ 1
MEASUPtMENT REQUIREMENTI 2 MINIMUM. AVELENGIt ICCRCLI ......
OPTIMAL/MARGINAL VALUES 1.2CCCE-CI/ 4.0000E-Ci 1.2000t-01/ 4.OCOOE-01
OPTIMAL WORTH/WCRTF FORF 0.13/ 1 0.13/ 1
MEASUREMENT RELCIREMENT 3 SPECTIPAL RESCLUTICh (MICRON)
OPTIMAL/MARGINAL VALUES ;.COOOE-04/ I.OCCCE-03 1.OOO E-04/ i.0000E-03
OPTIMAL WCRTH/CRTTk FORM _0,1 / 14 _. -.. C1."L_4 __
MEASLREMENT REQUIREMENT 14 ANGULAR KESbLUTICN (CtEGREE)
OPTIMAL/MARGINAL VALUES 7.1C86E-02/ 5.7000E 01 4.76b7E-GI/ 5.7000E O1
OPTIMAL WCRTH/WCRTF FUkRM C.gS/ 1 C.99/ 1
0.0
O.C /
0.0
0.0 /
0.0
0.0 /
0.0
0.c /
0
0
c
0
CASE 1
/ O.C
/ 0.0
/ 0.0
/ 0.0
MEASUREMENT RECCLIREMENT 12
OPTIMAL/MARGlNAL VALUES
OPTIMAL WCKTH/mCRTF FCRM
VIEWING. AAIS A GLIJ._TL_C.IhE-.E[-L1ALL .AI..ThE SPACECRAFT (DEGREE)
C.C / 0.0 O.C / 0.0 0.0 / 0.0
1.CC/ t 1.CC/ c C.O / 0
0.0
0.0 /
MEASUREMENT REQUIREMENT 13 VIEWING AXIS ANGLE TC THE SURFACE TANGENT PLANE, AT SPACECRAFT (DEGREE)
OPTIMAL/MARGINAL VALUES S.CCCOE C1/ S.OCOCE C1 S.0000E 01/ 9.0000E 01 0.0 / 0.0
OPTI.MAL GCRIHT/hCGRT FORM 1.0QC/ 6 __. .___..O. _.O 0.0 / 0
0.0
0.0 /
PAGE 22
PT. 4
I
O0
0.0
0.0 /
0.0
0.0 /
/ 0.0
/ 0.0
/ 0.0
/ 0.0
C
C
C
c
c
0.0
0.0 /
0.0
0.0 /
/ 0.0
/ 0.0
C
C
Z )
0
z D
0
3 a
D o
0
o
Table 3-10. SERA Computer Program Data Output (Cont)
Reproduced from 
best available copy. PAGE 23
CASE
r* Ft.:.JI r LMT IN S AT ScL'CTTL,; , ISSlIC PLINTS **
PT. I FT. 2 PT. 3 PT. 4
ME:tASSJFL{.'!I,' ifL,.i.t..r"- _.j ' 'JLrli bJt.Ntiv.KS i L,ATITLLt LF AFt 1, I_. L LVC LL; (Lt,Fi rt:,)
UPI I V4L/rAk iL VtI_.I. . tI (./ .. ()OCCE ci .C / i. C, 'D t C r. C C . 0.0 / 0.0
ItPl IPA wCCT//AC-T[ FiD' . / 4 C.i / L u.C / C C.O / C
M/tC:SJhtr'lt T u[-'kLLwb-iKLL,; -4 .. lF'LRlJ.:,T rI:ITL.,: L;F /CFfi,: r. ,.L CL'FV ,[:I (L E< rS-I4
CP1 I i L/NiAKL, L :L Ch .COL C ,, ': .,/ O C  .. CG C.'C C.C / O.C
PLPTIiLL h.CkITh/,.I)T' F. 4 , ;. / / I C.O / C
TCT.L CPI lI:AL hLi<TF, .l iC :-C
(jJ
~~~~00 ~~0
rO
O I<
0
Table 3-10. SERA Computer Program Data Output (Cont)
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*** MISSION MEASUREMENT HECUIRcFENTS EY TECFKI-IUE ANC OBJECTIVE ***
MISSION 7. EARTH-JUPITER-SATURN FLYBY, LAUNCtl 7/3C/76. PLANET 6. SATURN(INCL. RINGS)CASE l
CBSERVATICN TECFNICUE 14. ULTRAVICLET SPECThCMETRY
CBS. OBJECTIVE 12. ATOMIC, MOLECULAR, ISOTOPIC COMPOSITICN CF ATMCSPHERE.
OBS. WORTH C.7C SD 7C-24 PAGE CCS7
FIXEC MISSIUN ANC EXPERIMENT PARAMETERS
1 PERIAPSIS ALTITUDt (KM) t.0370E 04
2 INCLINATION (DEGREtt) 1.24COE 01
SPECIAL CFARACTEkISTICS OF SELECTEC TRAJECTCRY PCINTS
PLINT i-.MAXIMUM ALTITLDC FOR SEKSCR USAGE
PUINT 2- MINIFPU ALTITLOE FOR SENSCh USAGE
Z C
o
i.
0
OD
Table 3-10. SERA Computer Program Data Output (Cont)
TIME TO PEtIAPSIS (StC)
TRUE ANCMALY (CL(G)
SURFACE ALTIIUCL (KM)
LATITUD (CEGRhtE )
LCNGITUCE (CEECtE)
GFRUNC SPEtC (KV/StL J
SPACECRAFT VELCCI TY(KM/SEC)
RADIUS kATE (KV/SEC)
NACIR NCGLE RiTE (lA E(,/Fl;Lh
SUN-PLANET-S/C ANCLE (UFG)
EART--PLANET-S/C ANGLtE (DL I
SCLAR ZeNIIF aNGLE (OLG)
** RECUI
PT. 1
5.3,CCL C4
-1.26CCL CZ
t.0oC(CL (5
5.55CCE Co
q.64sCt- n1
q.GSCCL OC
1.4CCCF 01
-.1.348CL 01
2.5LcCCr c0
2.34CCE C1
2 .'lCCE C1I
2.34CCL C1
REPENTS AT SELECTEC M1SSICK PCINTS **
FPT. 2 P
6.7'CCE 03
-o.SOCCC 01
I.LOiCE 0~
-5.830Ct 0O
1. 700CE-Ci
4.44CCt 00
2.2sSCE Ci
-1.4LICL Ci 
7.o2CCE 00 
7.ciCCE 01 Reproducbe Co
7.c7C'E 01
7.tICCE 01
MEASUREMENT RtCLIFtlENl 1 FAXILF ' AVLLtNGTF (IMICRCN)
OPTIMAL/MAkGI.dAL VALUES t.CCCCLE-O0/ 7.0GOOE-C1 8.'0COL-Cii/
UPTIVAL CORTF/CRITF f:OFF C.Z / i C.29/ i
MEASUREmENT RECUIREMLNT 2 t INIMLM hi VLchGTF ( ICKLN)
GPT I fAL/MARG INAL VALUtES 5.CCCCL-Cl/ c.000CE-01 5.OCOt-C'-i/
LOW OPTIfAL 6CDlh/hnLPTH C ORM C.2S/ I C.29/ 1
MEASUREMEcNT IREtLIR ENT SPECTkAL RESCLUTICN (FICRkL)
OPT I FAL/MAPFINAL VALUES 1. CCCuE-0 / 2.oUCCE-03 1 .COODE- -4/
OPTIMAL LCRTF/iLRTF FCFR C.2S/ 1 C.ZS/ I
7.00JO E-i
o. vuiOuE-01
. J00C -t-C,
MEatSUikEtENT kE0LUIIRELNL1l l ANhULAr ki SLLUTION (CEGREE )
OPTIAL/,/AhIGI NAL VALlt:S 7.1C7tE-C3/ 5.7CCCE C1 4.7667E-C2/ 5.700rJE )I
OPTIP'AL wCETh/ACRTH fLRu 1.CC/ C.Q9/ 1
0.0
O.C / 0
C.0
O.C / 0
0 .0
O.C / 0
0.0
C.0 / 0
/ 0.0
/ 0.0
/ 0.0
/ 0.0
MEASUREMENT HEtUIRtPENT iE FkALI1CN CF SURFACE AREA LF FLANtT [N CNt FIELC LF VIEW (PERCENT)
{lPTIlAL/MAFGINAL VALUES 1.CCCCt 02/ 1.UCO0E C1 1.)3COE C2/ 1.OGOUE 01 0C. / 0.0
OPTIrAL hCPT-/hkCVTF FuF' C.24/ 1 C .2/ 1 0.0 / 0
MFASUJREMENT REtC(IREMENT 1i VIIEIFING AXIS ANGLE TO THE VERTICAL, Al THE SPACECRAFT (CEGFEEt)
OPTIFAL/MAHCtINAL VALUES C.C / 0.0 0. / G. j O.C / 0.0
GPTIFAL WCRT-/hCkTH FORP i . tLC/ 6 1 .C/ 6 C.C / 0
CASE I
T. 3
PAGE 24
PT. 4
o0
tjU
-I
I
0.0
C.C /
0.0
0.0 /
0.0
0.0 /
/ 0.0
/ 0.0
/ 0.0
/ 0.0
C
0
C
C
C
C
0.0
0.0 /
O.0
C.0 /
/ 0.0
/ 0.00.0
0.0 /
ZO)Ozn
30
0
C)CD
I vt:M
Table 3-10. SERA Computer Program Data Output (Cont)
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CASE 1
** RECUIREMENTS AT SELECTEO MISSILN PCINTS **
PT. 1 PT. 2 PT. 3 PT. 4
MEASUREMENT REQLIREMENT 13 VIElhNG AXIS ANGLE TOi THE SURFACE TANGENT PLANE, AT SPACECRAFT (CEGREE)
OPTIMAL/MARGINAL VALUES S.COOOE 1/ 9.0CO000E 01 .OCCCt 01/ 9.C000E C1 0.0 / 0.0 0.0 / 0.0
OPTIMPL WCRTF/hkCTF FCRF I.CC/ 6 1.CC/ 6 G.G / 0 C.C / C
MEASUREMENT REQUIREMENT 33 NORTHERNMOST LATITUDE iF__AREA_TC BE CCVERED (CEGREES)
OPTIMAL/MARGINAL VALUES S.CCCCE C1/ O.0 S.CCCOE 0i/ u.O C.C / 0.C C.C / 0.0
OPTIMAL WORTF/kCRTF FORM C.14/ 2 C.i4/ 2 C.C / 0 C.O / C
MEASUREMENT REQLIREMENT 34 SOUTHERKFLST LATITLCE GF AREA TC 5E CUVEkED (CEGREES)
OPTIMAL/MARGINAL VALUES S.CGCCE 01/ C.0.0 0.C / 0.0 0.0 / 0.0
OPTIMAL WCRTF/kChTF FCRV C.14/ 2 C.14/ 2 C.O / 0 C.0 / C
TOTAL CPTIPAL hCRTF, 1.1473E-C4 1.1358tE-04
4Reproduced from
cn
,:
!l OP0
CD
o~r
Table 3-10. SERA Computer Program Data Output (Cont)
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4** VISSIChN F;tASLIREI4LNT kEQULItFLNi1S tS Y TELCh IL Ue AnC CBJECTIVE ***
MISS ICN 7. EARTF-JUPITEF-SATURN FLYBY, LALNCH 7/2C/7t.
OBSERVATICh TECE-NIUL 14. ULTkAVICLET SFtC1RCMEIRY
OBS. (!tJECTTIVE 1z. AldILC, ML:LtCULLk, IS(T(:PIC LLC FCSITILN LF ATWLSPFtHE_.
OBS. hiURTh C.3C SO 7C-24 PACE CCS8
FIXtU MISSILN ANL EXPEtIrlN1 FPARAMtTtS
1 PtRIAPSIS ALTITUDL (KA)
2 INCLINATIbN (LLCRELE
PL AtET 6. SATURN/(INCtL. RINGSICASE I
SPECItL CFAkALTER.ISTIC. uF SELtCILL TRKtJtCItCY PultN.S
FCINT 1- :AXIMLF ALTIILDE F(jR SENKCR LSAGE
PCINT 2- PINI 'IU' ALTII CE Fr.- SthSLiS LSiU,E
NOT REPRODUCIBLE
LJI
I
O0
VI.,'
t.C-70E 04
1.24CCE 01
Z D)
o
=0
Table 3-10. SERA Computer Program Data Output (Cont)
CASE 1
TIME TOPERhAPSIS (SEC)
TRUE ANOMALY (CEGI
SURFACE ALTITUDE (KM)
LATITUCE (CEGREE)
LCNGITULE (CEGREE)
GROUND SPELtC (KM/SEC)
SPACECRAFT VELOCITY(IKM/SEC
RAGIUS RATE (KM/SEC)
NACIR ANGLE RATE (DEG/hOURI
SUN-PLANET-S/C ANGLE (DEG)
EARTF-PLAKET-S/C ANGLE(DEG)
SOLAR ZENITH ANGLE (DEGC)__
** REQUIREMctTS AT SELECTEC
_ PT. 1 PT. _
5.3So0E 04 6.74CCE 03
-1.20COE 02
E.06CCE 05
5.55CCE 00
4.641CE C1
S.'SCCE OC
1.4CCCE 01
-1.340EE 01
2.5oCCE CO
2.34CCE C1
2.41CCE 01
2.34CCE C1
MISSICk PCINTS **
PT. 3
-6.500CE 01
1.202CE 05
-5.30CCE 00
1.700CE-01
4.4400E 00
L.29SCE 01
-1.4110E 01
7.62CCE 00
7.B1CGE Oi
7.b700E 01
7.81GOE 01
MEASUREMENT RECUIREMENT
OPTIMAL/MARGINAL VALUES
OPTIMAL WCRTF/hCKRT FORM
MEASUREMENT RECUIREVENT
OPTIMAL/MARGINAL VALUES
OPTIMAL WLRTH/kCRTF FORM
MEASUREMENT RECUIREMENT
OPTIMAL/MARGINAL VALUES
OPTIMAL WCRTH/NHRTH FORM
I MAXIMLM hAVELENGTF (MICRCN)
8.CCCCE-O1/ 5.000CE-01 8.0CCOE-QC/ b.00OOE-01
C.C4/ 1 C.C4/ 1
2 * INM .4UM h AVELENGTH (F ICRCN I
S.CCCCt-02/ 1.20RCE-C1 9.00CCt-u2/ 1.20OE-C1
C.04/ ; C.04/ I
3 SPECTRAL RESOLUTICk (MICRCk)
1.COOOE-05/ I.OCOOE-G4 l.C0COt-C5/ 1.OOOOE-04
C. C/ 11C ... L.. .......
MEASLkEMENT RtQUIREMENT 12 VIEWING AXIS ANGLE TC THE VEkTICAL, AT THE SPACECRAFT (CEGREE)
OPTIMAL/MARCINAL VALUES C.C / 0.0 C.0 / 0.0 O.C
OPTIMAL WCRT-/hCRTF FORM 1.CC/ 6 1.CC/ t 0.0 / 0
MEASUREMENT REUUIREMENT 13
OPTIMAL/MARGINAL VALUES
OPTIMAL hCRTF/hCRTF FORM
TOTAL GPTIMAL hCRTF,
-_ VIEING AXIS AhGLE. JT.
S.CCOOE 01/ S.OCCCE 01
1.CC/ 6
2.2CCCE-C5
IHL. SURFACtLTAhGENT PLANE, AT
s.CCCCE 01/ 9.030E 01
1.CC/ 6
SPACECRAFT (DEGREE)
O.C / 0.C
0.0 / 0
3.2000E-05
PAGE 26
PT. 4
wI
0o
0,
0.0
0.0 /
C.0
0.0 /
0
0
/ O.C
/ 0.0
/ 0.0
C
C
0.0
0.0 /
0.0
0.O /
0.0
C.O /
0.0
0.0 / 0
/ 0.0
/ 0.0
/ 0.0
0
0.0 0.0
0.0 /
/ 0.0
C
0.0
C.O /
/ 0.0
0 0
z CD
CD3 0
1o
o
Table 3-10. SERA Computer Program Data Output (Cont)
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*** MISSICN MEASUREMENT RECUlREVtNTS eY TECFNICUE ANC CBJECTIVE **
MISSICN 7. EARTH-JUPITER-SATUKN FLYBY, LAUNCH 7/3C/76. PLANET 6. SATURN(INCL. RINGSlCASE I
OBSERVATION TECFNICUE 15. LLTRAVICLET SPECTRCPETRY
OBS. OBJECTIVE 12. ATOMIC, MOLECULAR, ISUTOPIC COMPCSITICN OF ATMCSPHERE.
OBS. WORTH C.3C SD 7C-24 PAGE CCSS
FIXE0 MISSICN ANC EXPERIMENI PARAMETERS
1 PEHIAPSIS ALTITLDE (KM) 6.037CE 04
2 INCLINATION (DECREtl 1.2400E C1
SPECIAL CHARACTEFISTICS UF SELECIEL TRAJECTCRY PLINTS
PCINT 1- MAXIMLM ALTITLUE FUR SENSOR USAGE
PLINT 2- MINiMLM ALIITUCE FOR SENSCR USAGE
cn
0
o o
J:33.3
Table 3-10. SERA Computer Program Data Output (Cont)
TIME TO PERIAPSIS (SEC)
TRUE ANOMALY (CEG)
SURFACE ALTITUDE (KMJ
LATITUDE (CECREE)
LCNGITUCE (CECREE)
GRCUNO SPEED (KM/SEC)
SPACECRAFT VELOCITY(KM/SEC )
RACIUS RATE (KM/SEC)
NADIR ANGLE RATE (OEG/hOLRI
SUN-PLANET-S/C ANGLE (LEG)
EARIF-PLANET-S/C ANGLE(OEG)
SCLAR ZENITH ANGLE (DEC)G
** REQUIREMEhTS AT SLLECTEO MISSICN
PT. I PT. 2
5.39CCE 04 o.7400E 03
-1.2CCCE 02 -6.500CE 01
E.06CCE 05 1.202CE 05
5.55CCE 00 -5.83CCE 00
4.641CE 01 1.700CE-C1
S.99CCE co 4.440CE 00
1.40COE 01 2.2990E 01
-1.3480E 01 -1.4110E 01
2.56CCE CG 7.62CCE 00
2.34CCE 01 7.6100E 01
2.41CCGE 01 7.87C0E 01
2.34C0E C1 7.100E 01
PCINTS **
PT. 3
MEASUREMENT RELUIREMENT 1
OPTIPAL/MARGINAL VALUES
OPTIMAL WCRTH/kCRTF FORM
W MEASLREMENT REQUIREMEhNT 2
OPTIMAL/MARGINAL VALUES
Co OPTIMAL WCRTH/%CRTF FORM
MEASUREMENT REQUIREMENT 3
OPTIMAL/MARGINAL VALUES
OPTIMAL wCRTH/GCRTH FORM
MEASUREMENT REQUIREMENT 14
OPTIMAL/MARGINAL VALUES
OPTIMAL WCRTH/kOkTh FORM
MAXIMUM WAVELENGTF (PICRCN)
8.CCCCE-0O/ 5.0000E-01 8.0000E-01/ 5.0000E-01
C.C6/ 1 C.06/ 1
7 MINIMLM _hAVELENGTF (MICRN) _
S.CCCCE-02/ 1.2000E-01 9.0000-02i/
C.C6/ I C.06/ i
1.0OOOE-01
SPECTRAL RESOLUTICK (IMICRCh)
i.COCCE-05/ 1.0000E-04 1.00COE-05/ 1.OOO0E-04
C.03/ 11 C.3/ Li
ANGLLAR RESLLUTION (CEGREEI
7.1C87E-C3/ 5.700CE 01 4.7bu7t-02/ 5.7CCOE 01
1.UC/ 1 0.99/ 1
MEASUREMENT REQUIREMENT 12 YIEWING AxlIS ANGLE_TC
UPTIPAL/MARGINAL VALUES C.C / 0.0
OPTIMAL kCRTI-/CLRTH FORM 1.CC/ t
0.0
0.0 /
0.0
0.0 /
0.0
0.0 /
0.0
C.O /
0
C
0
THE_ VERTICAL,. AT THE SPACECRAFT (CEGREE!
0.0 / O.G 0.0
1.CC/ b 0.C / 0
MEASUREMENT REQUIREMENT 13 VIEWING AXIS ANGLE TO THE SURFACE TANGENT PLANE, AT SPACECRAFT (DEGREE)
OPTIMAL/MARGINAL VALUES S.CCCCE 01/ .CGCCCE 01 9.OOCOE 01/ 9.OOOOE 01 0.C / 0.0
OPTIMAL NCRTH/hOHTH FORP i.CC/ 6 1.0C/ _ C.0 / 0
CASE 1
PAGE 27
PT. 4
0.0
0.0 /
0.0
0.C /
0.0
C.O /
/ 0.0
/ 0.0
/ 0.0
/ 0.0
/ 0.C
/ 0.0
/ 0.0
/ 0.0
/ 0.0
C
C
C
C
C
C
0.0
C.0 /
0.0
C.O /
/ 0.0
/ 0.00.0
0.0 /
zcoO'O
3 O
. <
>' O 
Table 3-10. SERA Computer Program Data Output (Cont)
PAGE 28
CASE 1
** REQUIREMENTS AT StLECTED MISSICK PCINTS 0.
PT. 1 PT. 2 PT. 3 PT. 4
TOTAL CPTIMAL hCkTF, 1.CbCCE-04 l.Cb92E-04
Co
En
ID
4Ln~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
z en(1)~~~~~~~~~~~~~~~
CO
30
C)
Table 3-10. SERA Computer Program Data Output (Cont)
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1*** ISSICN MEASUREMENT REIUIkEPENTS BY TECHNICUE ANC OBJECTIVE **
MISSION 7. EARTH-JUPITER-SATURN FLYBY, LAUNCH 7/3C/76. PLANET 6. SATURN(INCL. RINGSICASE 'I
OBSERVATIONC TECINICbE 15. ULTRAVICLET SPECTRCMETRY
GOS. OBJECTIVE 12. ATOMIC, MGLECULAR, ISOTCPIC COFPOSITIGh CF ATMCSPHERE.
OBS. WORTh C.60 SO 7C-24 PAGE CIC4
FIXED MISSION ANC EXPERIENkT FARAMETEkS
I PERIAPSIS ALTITUDE (KM) 6.C370E 04
2 INCLINATICN (DEGREE) 1.24COE 01
SPECIAL CFARACTEPISTICS OF SELECTEC TRAJECTCRY PChINTS
PCINT i- MAXIMUM ALTITUDE FOR SENSOR USAGE 
PCINT 2- MINIOLP ALTITLGE FOP SENSCR LSAGE
0
0
z cnz~c
00
O
0
0
CD
Table 3-10.. SERA Computer Program Data Output (Cont)
TIME TO PERIAPSIS (SECI
TRUE ANOMALY (CEG)
SURFACE ALTITUCE (KF)
LATITUCE (CEGREEI
LCNGITUDE (CECREE)
GRCUNL SPtED lKM/SEC)
SPACECRAFT VELCCITY(KM/SEC)
RADILS RATE (KM/SEC)
NADIR ANGLt RATE (DtG/-OUR}
SUN-PLANET-S/C ANGLE (LEG)
EARTF-PLANET-S/L ANGLE(CEG)
SGLAR ZENITF ANhLE (DEL)
PT. 1
5.3SCCE
-1.2CCCE
8.06CCE
5.55CCE
4.641CE
S.9SCCE
1.4CCCE
-1.346CE
2.56CCE
2.34CCE
2.41CCE
2.34CCE
0C0
0
0
0
C
C
C
C
C
C
C
** REQUIREMENTS AT SELECTEC MISSICN
PT. 2
04 6.7400E O0
D2 -6.5000E 01
05 1.2C20E 05
)0 -5.8300E 00
01 1.700CE-01
CC 4.440CE 00
C1 2.299Ce 01
C1 -i.411CE 01 
CC 7.62OtE 00 eP
C1 7.1OOE 01 be
O1 7.67COE 01
C1 7.blOCE 01
PCINTS **
PT. 3
1 MAXIMUM eAVELENGTh (MICRCN)
3.CCCCE-C1/ 2.5COCE-01 3.000Ct-01/
C.35/ 2 0.35/ 2
2.50OOE-C1
2 PINIPLM XAVELENGTF (MICRCh)
I.SCCCE-0/ 2.OCOCE-01 1.500Ct-Gi/ 2.0000E-01
C.35/ 2 C.35/ Z
3 SPECTRAL RESCLLTIOl (rICRKCN
2.5CCCE-C3/ 2.COCCE-02 2.5C0OE-03/
C.35/ 2 C.35/ '
MEASUREMENT RELLIREMENT 14 ANGLLAR RESCLUTION (CEGREE)
OPTIMAL/MARGINAL VALUES 7.1C86t-C2/ 5.7000E 01 4 .7667Et-1/
OPTIMAL wCRTH/CLRT FORM C.SS/ I C.SS/ 1
2.3C00E-02
5.7C00E C1
C. C
0.C /
0.0
0.0 /
C.C
C.C /
0.0
0.0 /
0
0
0
0
MEASUREMENT REQUIREMENT 12 VIEhING AXIS ANGLE TC THE VERTICAL, AT THE SPACECRAFT (CEGREE)
OPTIMAL/MARGINAL VALUES C.C / C.O 0.0 0.0 0.0
OPTIMAL hCRIF/%LRTH FCkRM 1.CC/ 6 1.OC/ 6 C.O / 0
MEASUREMENT KtR;UIREMENI 13
UPTIMAL/MARGINAL VALUES
OPTIMAL hGTh/hLPRTH FCRF
0.0
/ 0.0
/ 0.0
/ 0.C
/ 0.0
VIEwING AXIS ANGLL TO THE SURFACE TANGENT PLANE, AT SPACECRAFT (CEGREEI)
S.CCCCE C1/ S.COOGE 01 9.00CCE 01/ S.OOOCE C1 C.C / 0.0
1.CC/ 6 1.00/ 6 0.0 / 0
CASE 1
PAGE 29
PT. 4
MEASUEMENT KtRLUIREMENI
OPTIPAL/MAkGINAL VALUES
OPTIFAL WCkTh/CERTH FORM
W MEASUREMENT RtiLIREMENT
OPTIMAL/MARGINAL VALUES
OPTIFAL WCkTh/LCTkT FGRF
MEASUREMENT REQLIREMENT
OPTIMaL/MARGINAL VALUES
OPTIPAL KCRTiF/LRTHI FuFM
,,J
w
-j
I
0.0
0.0 /
0.C
0.0 /
/ 0.0
/ 0.0
/ 0.0
/ 0.0
0.0
C.0 /
C
0
C
C
C
C.O
0.0 /
0.0
0.0 /
/ 0.0
/ 0.00.0
0.0 /
o W
D t0
ZU)
3 0
ov0
c)-
CD
i
Table 3-10. SERA Computer Program Data Output (Cont)
** REQUIREMENTS AT SELtCTED MISSILN POINTS **
PT. I__ _ _____ ___ _ _ PT._-.. . PT. 3
TOTAL OPTIMAL hCRTHi 4.2446E-C2 4.244bE-G2
*** SENSCR CAPABILITIES AND SUFPCRT REQUIREMENTS ***
SENSOR TYPE 4. VISIBLE/UV SPECTRCMETEk
** MISSION UESCRIPTICN **
MISSICN 7. EARTF-JUPITER-SATURN FLYBV, LAUNCh 7/30/76.
INCL IATICN (CEGREEt
ORBITAL PERIOC (SEC)
PERIAPSIS ALTITLCE (KM)
APOAPSIS ALTITUCE (KM)
ARGUMENT OF PERIAPSIS (ECI)
LATITUCE OF PERIAPSIS (CEG)
LCNGITUDE ASCNE. NOLE (CEE)
LAUNCh CATt (JULIAN DATE)
PERIAPSIS DATEIJULIAN UATE)
ORBIT ECCENTRICITY
EARTF-S/C DISTANCE (AU)
SUN-S/C DISTANCE (AU)
PLANET 6. SATDRN(INCL. RINGS)
* CLNSTAIS . CF IRAJECTLiRY *
1.24CCE C1
0.0
t.C37CE C4
C.C
C.C
-1.24CCE 0 .....
-2.830CE CI Cc
4. 29SCE 04
4.47CCE 04
1.34tCE GO
8.560CtE C
$.55CCE CC - _
* TRAJECTCRY POINTS SLLECLTE *
TIME TO PERIAPSIS (SEC)
TRUE ANOMALY (CEG)
SURFACE ALTITUDE (KM)
LATITUDE (LEGREE)
LOUNGITUDE (CEGREE)
PT. 1
5.39CCE
-1.2LCQL
6.C6COE
5.55CCE
4.641CE
PT. 2
04 6.74CCE 03
02 .._ ... -... .CCE 01
05 1.O020OE 05
OC -5.d3CCE 00
C1 1.7COCE-Ol1
PT. 3
CASE 1
PAGE 30
.0
N
PT. 4
PAGE 31
CASE I
En
t]l
-j
0
-j
I
b,--
PT. 4
z 
04
O CD;I: l
0
5. <s
>m
: 0
'o:o.OM=
0p
Table 3-10. SERA Computer Program Data Output (Cont)
.,.... .. .. . _...
GROUNC SPEEO (KP/SEC)
SPACECRAFT VELCCITY(KM/SECI
RADILS RATE (KF/SEtC
NADIR NGCLt RATE (EFG/FOUR)
SUN-PLANET-S/C ANGLE (DEG)
EARTF-PLANEI-S/C ANGLt(IEC)
SCLAR ZENITH ANGLE (DEG)
SUN GCCULTEC
EAPT-F CCLLTEC
S.99CCE OC
1.40COE 01
-1.348CE Cl
2.56CCE CC
2.3400E C1
2.41COE 01
2.3tCCE 01
F
F
4.44.CE OC
2.299CE 01
-i.411CE 01
7.blCOE O1
7.870CE 01
7.o10CE 01
F
F
I
9
40-
D-0
0
Table 3-10. SERA Computer Program Data Output (Cont)
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*** SENSCR CAPABILITIES AND SUPPORT REQUIREMENTS ***
CASE 1
SENSOR TYPE 4. VISIBLE/UV SPECTRCPETER 
MISSION 7. EARTH-JUPITER-SATURN FLYBY, LAUNCH 7/3C/76. PLANET 6. SATURN(INCL. RINGS)
** IKFCRMATICN REqUIREmENTS SUPPORTEL **
OBS. oeeCTIvE 12.ATOMIC, MCLECUL6P, ISCTCPIC CCFPCSITICN CF ATMOSPFERE.
OBS. WCRTH 0.50 SD 70-24 PAGE CC92
Oes. OBJECTIVE 18.NON-THERMPL ELECTROMAGNLTIC EMISSION CHARACTERISTICS ANL SOLURCE LCCATION.
OBS. hORTH 0.55 SD 70-24 PAGE CO9b
CBS. CeJECTIVE 12.ATUMIC, MOLECLLAR, ISLTCPIC CCFPCSITICN CF ATMCSPFERE.
OBS. WURTH C.7C SD 7C-24 PAGE C097
OBS. OBJECTIVE 12.ATOMIC, MCLECLLAR, ISCTLPIC CCPFCSITICN CF ATOSPFttkE.
OBS. WORTH 0.30 SD 70-24 PAGE C098
U.) CBS. OBJECTIVE 12.ATLPIC, FCLECULAR, ISOTOPIC CCMPCSILICN CF ATMCSP-ERE.
\0 OBS. WORTH 0.30 SD 70-24 PAGE CCOS
CBS. CEJECTIVE 12.ATOMIC, MCLECULAR, ISOTOPIC CCMFCSITICN CF ATMCsPFEtE.
OBS. WORTH C.eC SD 70-24 PAGE C104
* NEASLREVENT FitUIREMENTS *
PT. 1 PT. 2 PT. 3 PT. 4
MEASUREMENT REQLIREMLNT 1 AXIFUM WAVELENGTH (MICRCN)
1n OPTIMAL VALUES(PTS. 1- 2) I.OOOCE 00 1.OOOOE 00 C.C 0.0
OPTIPAL/MAFGINAL VALUES(TC DATEt) 1.COOCE OC/ .COCCE OC. CRIGIN CF VALUES. PT. 2/PFT. 2, CBS. OBJ. 2/OBS. CBJ. 2
MEASUREMENT REGUIREMENT 2 MINIMUM WAVELENGTH (fICRCN)
I OPTIMAL VALUES(PTS. 1- 2) S.CCCCE-C2 s.OCCCE-C2 C.C C.0
WL OPTIMAL/MARGINAL VALUES(TO DATE) 9.CCCOE-02/ 9.0OOCO-02. CRIGIN OF VALUES. PT. 2/PT. 2, OBS. OBJ. 5/OBS. CBJ. S
-.
'n MEASUFEMENT RE4LIREMENI 3 SPECTRAL RESLUTICN (IFICRON)
OPTIMAL VALUES(PTS. 1- 2) 1.CCCOE-05 1.000GE-05 0.0 0.0
OPTIMAL/MARGINAL VALUESiTG CATLE 1.0000E-05/ 1.COCO-05. ORIGIN OF VALUES. PT. 2/PT. 2, CBS. OBJ. 5/CBS. CBJ. 5
0z (I
O
3 <
00
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*** SENSLh CAPA BILITIES AND SUPPLkRf Et bIulEt EKTS ***
. .. .o 
* EPASLkEFNtT FEolUIkEt NTS 4 \
PT. 1 PT. 2 eP a
CASE 1
PT. 3 PT. 4
MEASLREMENT RE-LIRtYEN1 14
OPTIMAL VALUES(PTS. 1- 2)
OPTIwAL/MAKGINAL VALLLS(TO
MEASUkEMENT REQUIREMtENT 1'
CPTIMAL VtLUtcSPTS. i- 2)
[lPT IAL/MARGINAL VALLJES (T(
MEASUkEMENT kElUIPEMENT 1E
JPTIMAL VALUES(PTS. 1- 2)
OPTI~AL/MAkLINAL VALUES(ro
MEASUREMENT Et;UIRFltNT 12
UFTIPAL vALLES(PTS. 1- 2)
.D UOPTI AL/hMARGINAL VALUtS (TO
MEASUPEMENT RECUIREMENT 13
OPTIFAL VALUS(PTS. i- Z)
UPTIPAL/MARGINAL VALULS(T{J
aNGLLAR RESCLUTICN (LEGREtt
7.1Cb7E-03 s.7bo7E-02 0.0
IATE) 7.ic7E-C3/ 4.76tIt-0z. (. IIGIN LF VALUES. PT. 1/PT. 2, C6S. ObJ.
NLUFbLt OF SAt'PLLS Ci CLASUREt,'LNTS
1.CCCCE C2 i.CCCCt C2 C.C
UATE) i.OC(Ct C2/ 1.OC:)CE J. LlGIN' UF VLJtLS. PT. 2/PT. 2, UBS. OtJ.
FkACIIUN ;IF SOhFACE AREA CF PLANET IN ONE FIELC [f VltE (PERCENT)
1.CC^CE C l..COCCt C4 C.C
uATt) l.COCOtL iZ/ !. OC1'i VUES. OUIU Ci scOuES. PT. 2/PT. 2, CBS. OBJ.
VIwlING .iXIS ANGLE TL Tf VRTILA, AT TH ER  SIACECRAFT (CEGREE)
C.C S.O C.C
LATE) O.C / 0.0 . L[IJIN CF VALUES. PT. 2/PT. 2, OBS. OBJ.
VIEwING AXI, ANGLE IC THL SUKRFAL TNhiENT PLANL, AT SPACECRAFT (LEGREL)
S.CCCCE C1 S.COCCE Oi C.C
)A IE) ;.COOOE C1/ g.OCCJE 01. OklGIN UoF VALUES. PT. 2/PI. 2, OBS. OBJ.
0.0
5/CBS. CBJ.
C.C
1/08S. GBJ.
0.0
3/CBS. CBJ.
C.C
6/G8S. CBJ.
O.C
6/0BS. C8J.
5
1
3
6
6
zcn
0J )
(3a
o
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*** SENSOR CAPABILIIIES PNC SUPPORT REQUIREMENTS ***
CA
SENSOR TYPE 4. VISIBLE/U- SPECTRCETiER
MISSION 7. EARTH-JUPITER-SATURN FLYBY, LAUNCH 7/30/76. PLANET 6. SATURN
** SENSOR CAPABILITltES **
LIMIT CPTIMAL MARGINAL PT. I PT. 2 PT.
CAPABILITY PARAMETER I MAXIMUM WAVELENGTH (MICRCN)
1.2CCCE O l.CCOGE' O00 i.COCOE 00 I.LOCOE 00 1.OCOCE 00 C.O
CAPABILITY PARAMETER 2 MINIMUF kAVELENGTF (MICRCN)
1.OCCOE-C0l .CCCOc-O 1.0000E-01 1.0000E-Ci 1.C000E-Ol 0.0
CAPAPPILITY PARAMETER 3 SPECTRAL RESCLUTICN (MICRON)
5.CCCOE-OO 1.CCCCE-C5 1.COCCE-05 1.GO00E-C5 1.COCCE-C5 0.0
CPPA61LITY PARAMETER 14 ANGULAR RESCLLTIOiN (CEREE)
5.7290E-04 1.68CCE-C2 1.68COt-02 1.6tCCt-02 1.68COE-02 0.0
CAPAPPBILITY PARAMETER 1S NUMBER LF SAMPLES OR ' EASUREMENTS
0C" 1.CCCOE 63 1.CCCOE 0i 1.OOOE 02 I.COOOE 02 1.00OCCE 02 O.C
CAPABILITY PARAMETER 18 FRACTION CF SURFACE AREA OF PLANET IN UNE FIELD OF VIEw (PERCENT)
5.OCCOE 01 6.S46BE-C4' 2.91t5E-06 6.9'o8E-04 2.S165E-06 3.0
CAPABILITY PaRAMETER i2 VIEWING AXIS ANGLE TC THE VERTICAL, AT TFE SPACECRAFT (CEGREE)
C.O 0.0 0.0 0.0 0.0 0.0
CAPABILITY PARAMETER 13 VIEWING AXIS ANGLE TO THE SURFACE TANGENT PLANE, AT SPACECRAFT (CEGREE)
9.0CCOE 01 S.COCCE C1 9.0000E 01 S.GObOE Oi 9.0COE Cl1 0.0
TOTAL SENSCR wORTH 4.C382E-C0 4.0-382E-C ..C3b2tE-C6 .0382E-C6
SE 1
(INCL. RINGS)
3
0.C
C.C
C.C
C.C
C.C
C.C
0.0
C.O
PT. 4 MAX. WORTH
~~0 ~ 0.11
0.04
0.03
1.00
0.03
1.00
1.00
1.00
z c)
o"
3 0
a. <
0
o
i~
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*** StNSCR CAPABILITIES ANG SUPPCLtT EUUIREETNTS ***
CASE
* SLPPLEMENTARY CAPAtILITY UATA *
FRACTICN OF SuRFACt CF PLANET
NORTtERNMCST LATITUUE Uit AtEA
SOCTLFEkNMCST LATITULL LF AtftA
(CCAhSEST) SPATIAL RLSi,LU1ICN
CCVEREU (PERCENTI
VIEEDtO I GI)
VILEtdC (CEG)
AT FAR tCGEt F SWATH (M)
VALUE hORTH
6.7100COt C.15
8.5CCCt Cl C.i4
7.CCE C1 C.1
5.c4COE C5******X*
* FIXcL EXPI
PAhAMEtTt
NUMBER CF LcTECTCRS
NUMtiR CF IkPLKC FACES
PF-JTCMULTIPLIER htSPI\SE TIME LIMIT (SEC)
PHCTCCCNLLLTKC RESPCNst TlFt LIMIT (SEtC
PHFTCMULTIPLILR SIGNAL/NCISE RATIC RfT.
PHLTLCCNDUCF[L SICNAL/NUlISE RAIIC RU'T.
SPECTRAL LHtEk
S-U-A GRATING CIAMEtTt LiMIT (M)
'IO RECIPRLCAL GRATING SPACING (LINLt/)
-. ,J S-L-A C£LLLECTCR APFtTUKL F/NULFdBE LJhtR LIMIT
SCAN FALF-4NGLE (itLGkLc
SCANNING btAM ANGULAh SIZL (CIECrEE
ERIMENT PA AmtTEI S 4
LItI1
1.COCCE 0i 2.C
1.C0COE Ci i.1
1.CCCCE-Ob 1.c
1.COCOE-C0 1.
1.2OCGE 02 1.
1.2CCUE 0C 1.
5.LCCCE 0O 2.(
2.COCOE-C1 2.
i.i8CJE C6 i.
1.CCCCE 00 1.'
9.COCuE 01 4.
5.73CCE-04 1.
VALUE
OCOE0t 30
CCOOE 00C
OCOoi-OF
CCOjt-O3
2,OCE C2
2000E 02
OC0JE CO
OCjt-01
.8hOE 0e
0002i1 CL
4qC-CE OC
t8COL-02
OUTER SENSu< TYPES MLETTlIN SOUMt MtSUKtL;LNT RECLlkEtENTS
VISISLE/UV PHLCICMETEk vITH LASSEGCRANIAN CPTICS
IR SPECTRCMETEF
zcn
0c
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*** SENSCR CAPABILIlIES AhL SUPPGRT REwUIRLtENlS ***
SENSOR TYPE 4. VISIBLE/UV SPECTRCMETER
MISSION 7. EARTH-JUPITER-SATURN FLYBY, LAUNCH 7/30/76. PLAI
CASE 1
NET 6. SATURN(INCL. RINGS)
** SLPPORT REQUIREPENTS EVALUATION **
SUFPCRT RGMT.
I
00
OD
1.
2.
3.
4.
5.
6.
9.
1C.
11.
14.
15.
* SCALIN.M LAB CQ-EfI CIENTS
CUEFFICILNT/VALUE - CI/ 1.OCCOE 00, C2/
CCEFFICIENT/VALLE - C1/ 1.OCGOOL GO C2/
COEFFICIENT/VALLE - C1/ 1.OCOCE CC, C2/
CCEFFICIENT/VALLt - CI/ 1.CGCOE 00, C2/
COEFFICIENT/VALLE - CI/ I.CCOCE 00, C2/
CLEFFICIENT/VALUE - CI/ 1.QCCCtE OQ, C/
CUEFFICILNT/VALLE - C/ 1.OCCCE OG, C2/
COEFFICIENT/VALUE - Cl/ I.OCCCE CC, C2/
COEFFIIENT/VALUE - C1/ 1.CCCCE CO, C2/
CUOFFICIENT/VALLE - CI/ 1.0000E 00, C2/
COEFFICIENT/VALLE - C/ 1.000OCE CO, C2/
SbPPCRT REQUIREMENT
MASS (KG)
AVERAGE POmER (wATT)
LENGTH (M) (LRIENTEC)
WICTH (F) (CRIENTEDI
hEIGHT (M) (LRIENIECI
VGLUME (CUBIC ) (LkRIENTED)
DATA OUTPUT RATE (BIT/SEtL
PCINTING ACCURACY (DEG)
ASPECT ANGLE RATE LIMIT (CEG/SEC)
RCLL RATE LIMIT (LEG/SLI)
SCAN RATE LIMIT (CEG/SEC)
* SUlPPhT RE
MAX IMUM
REQUIREMENT
8.88667E 02
4.200CCE oc
BE u° 4.41C46E 00
1.COCOCE CC
1.COCCCE OC
*-O° 4.05543E OC
@. 1.61s7eE C4
> 9.00G36E C00
3.680439E CC
0..n 3. C439E 00
o o 7.E2C43E C3
ANL cPTICNS *
L.0 , C3/
.. 20CCE uO, C3/
O.C , C3/
0.0 , C3/
O.0G C3/
7.3CCCE-C1, C3/
G .0 , C3/
0.0 C3/
C.0 , C3/
O.G , C3/
0.C , (3/
ECUIREMENTS *
FIN IPUL
REQUIREMENT
bE.8b667E 02
4.-OuC'CE OC
4.4iC4LE CC
1.00COO 00
I.CCOCCE OC
4.C554dE OC
5.434d5E C3
9.0792LE CC
1.13379E Ci
1.13379e 01
7.62043E C3
g.C
0.0
0.G
0.C
O.C
I .3000E
O.C
0.0
C.0
O .C
0.0
PT. 1
8.68b67E 02
,.2CC;CE 00
4.4iOt6E GC
1.COCCCE CC
1.CCOCCE Oo
4.055eBE CO
5.48j4dE 03
9.07922E CO
3.EC4JSE 00
3.EC439E CC
7.82C43E 03
C4/
, C4/
C4/
t C4/
C4/
00, C4/
, C4/
, C4/
C4/
t C4/
, C4/
PT. 2
E.88667E 02
4.200COE 00
4.41C46E OC
1.COOOCE CO
1.COCCOE OC
4.C5548E 00
1.WlS7CE C4
s.00o36E 00
1.13379E C1
1.13379E 01
7.82C43E 03
(. .0
C.0
0.0
O.C
0.0
1.OOOOE-0
O.C
O .0
0.0
0.0
0.0
, C5/
, C5/
, C5/
, C5/
, C5/
3, C5/
, C5/
, C5/
, C5/
, C5/
, C5/
C.0
0.0
0.0
0.0
C.O
C.0
C.C
0.0
0.0
0.0
C.0
PT. 3 PT. 4
0 '
(C>
3C)
M z
SERA Computer Program Data Output (Cont)
1
16
21
26
31
36
41
4t
51
56
61
66
71
76
w. 81i
' 86
.0 9i
96
1C1
106
111
116
121
126
131
136
141
146
151
156
16i
166
171
176
1ei
186
191
1S6
2C1
C06
2.GCOOCCCCE CO
0.0
0.0
0.0
C.C
2.3CCCCCCE OL
5.CCCCGOCt-0O1
l.SCCCCCCCt 32
S.S99 99642s -02
1.5CCCCCCCE 02
3.SS,9S776E-C1
C.0
4.6CCCOCCCE 02
1.SSS'S 6EE-C
2.C
2.3CCCCCCCE 02
0.C
O.C
O.C
.C0
0.0
C.C
C.C
0.0
0.0
2.CCCCOCCOE CO
S.S9999931E-04
S. SS99931t-04
O.C
O.C
j0.
.0
U .C
O.C
0.0
C. C
0.0
O.C
0.0
C.C
1.27720¢4CL Cd
2
7
12
17
22
27
3 2
'7
42
47
57
62
t7
72
77
82
87
92
97
1C2
IC7
1,2
122
127
132
137
142
147
157
i57
12
lct7
172
, 77
J82
i87
iS2
202
207
0 .0
0.0
C.C
O.C
0.C
0.u
2.28iC7147[ 02
1.46hC7637E-01
o.f324tqS2E CC
O.C
2.7CCCCCCCE 03
O.C
4.oCCCCOOOE )ez
C.0
0.0
C.C
0.0
0.0
0.0
0.C
0.0
C.C
0.0
O .C
0.03
£.CCCCCO0C Ou
1.2CCCOOOOE C2
1.2CCCCCCL 02
0.0
O.0
0.0
0.0
C . C
0.1
O.00
0.0
0C.
.rC
i.8900024Ch C7
3
6
13
18
28
33
38
43
46
53
58
o3
73
78
d3
88
93
98
i03
i0O
:13
118
i23
128
i33
!38
143
148
153
158
163
168
173
178
183
188
193
148
203
108
C. C
C.0
O.C
O.C
0.0
C.0
C. C
0.0
9.99?96042
i.9268t8d8
3 . 999S997c
5. CCCCCOO0O
2. 193a993 5
0.0
1.74-98C6C
0.0
O.C
0.0
0.0
0.C
C.C
0.C
0.0
O.C
9.899SS77v.
1. 9999§9i.99959954
.O0
O.C
C.0
0.0
0.0
O.C
C. O
0.0
1.C272C640C
i.2772C640
4
9
14
19
24
29
34
39
44
E-02 45
E C2 54
E-01 59
t 02 64
69
Et-01 74
77
E-05 84
8 
94
99
1C4
05
1 14
1 19
i ,4
1 29
E-C2 134
E-C 1 39
E-C7 144
14;
154
164
17'
179
164
189
194
199
t CO 2C4
E C8 20C
6.CCCCOCCCE CO
0.0
0.0
O .0
0.0
C O
0.0
0.0
0.0
0 · 0
C.O
0.0
C. 00.0 .
C.O
0.0
0.0
0.0O .0C .O 
0.0
0.0C .00.0
C.00.00.0
0.0
G.O
. qq 76E-C
i.89006240 C7
5
10
15
20
25
30
35
4C
45
50
55
6C
t5
70
75
80
85
SC
95
10C
105
110
115
120
125
130
135
140
145
15C
155
16C
i65
17C
175
18C
185
1SC
155
200
2C5
21C
C.C
0.0
r.O
0.0
0.0
C.O
C.O
0.0
C.O0 0
0 .0
0.0
0.0C.0
0 .0
0.0
0.0
0.0
0 .0
0.0
0.0
0.0
0.0
0.0
0.0
O .00.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0C.O.0.00 00.O
0.0
0.0c .0
ZO)
o
Jo
0
3 0
o
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211
216
221
226
231
236
241
246
251
256
261
266
271
276
281
286
291
t. 296
301
o 306
311
316
321
326
331
336
341
346
351
356
361.
366
371
376
381
386
391
396
4C1
406
411
416
421
C.0
0.0
0.C
6.05782471E 0i
0.0
O.C
O.C
4.44999S81E 00
c.O
O.c
O.C
1.67S9999bE-02
O. C
O.C
O.C
4.554635 '6E-C5
C.C
O.C
O.C
4.16C7543sE-C3
O.C
O.C
1.27720e4CE 08
O.C
O.C
1.58759C31E 01
C.C
7.6068723CE 00
0.0
0.0
9.99999727E-0O
1.103'8559E-C3
O.C
C.C
O.C
2.4394ieStE-03
O.C
O. C
0.0
9.177545S1E-01
O.0
O.C
2.00COCOOCCE O
212
217
222
227
232
237
242
247
252
257
2t2
267
272
277
2 82
2e7
292
2'7
i02
3C7
312
317
322
327
332
337
342
347
352
357
362
367
372
377
382
3E7
392
357
4C2
4C7
412
422
9.C7922268t OC
0.0
9.SS959642E-02
8.So4o2250E 00
C.CC.C
4.44SGs981E 00
4.44SSS981E OC
0.C
0.0
i . 679S75E-02
1.b79SS938E-02
0.0
0.0
0.0
4.55463590L-C5
O.C
C.C
1.21999931t 00
4.16C7543eE-03
O.C
O.C
1.80C624CE 07
4.726625qtE 02
O.C
C.C
L.CCCCCCOCC OC
2.26758423E CI
O. C
C.C
9.59999931E-04
3.7C437978E-C4
0.0
C.C
1.7C7?9923E 00
5.6145ESSCE-G3
O.C
O.C
I.CCCCOOCCt CC
2.C62C4195£-Ci
0.0
C.C
2. 9999955L-12
213 9.CO936317E 00 214
218 C.0 219
223 C.O 224
228 6.C5782471E C1 229
233" CO .2
238 0.0 2,9
243 0.0 244
248 4.4499g981E CC 249
253 0.0 254
258 C.O 259
263 0.0 264
268 1.67999938E-02 269
273 0.0 274
278 G.O 279
283 C.O 284
288 4.55463596E-05 289
293 C .. 2 9 4
298 C.0 2S9
303 O.c 304
308 4.1IC75438E-C3 3C9
3i3 0.0 314
318 C.C 319
32- 1.2772Go40t 08 324
328 7.04639221E Gi 329
333 4.73136139E 0 534
338 C.C 339
343 i.930CCCOCC C2 344
348 7.6087923CE OL 349
353 0.0 354
358 C.C 359
363 0.0 364
368 1.1Cj798559E-C3 3t9
373 0.0 374
378 C.0 379
383 C.O 384
38e 2.43S426StE-03 389
393 0.0 394
398 C.C 3S9
403 O.0 404
408 9.177545Sit-CI 4CS
413 C.O0 414
418 0.0 419
423 3.3299999Ž1 OC 4i4
S.07922268E CC 215
0.0 220
C.O 225
8.96462250E 00 230
C.O 235
0.0 240
C.O 245
4.44999981E 00 25C
0.0 255
0.0 260
0.0 265
1.67999938E-C2
0.0
0.0
C.0
4.55463596E-05
0.0
C.O
0.0
4.16075438E-C3
C.0
0.0
1.8900t240E 07
4.72t62598E C2
i.5b759031E C1
0.0
C.O
2.26758423E C1
0.0
O.C
0.0
3.70437578E-04
0.0
0.0
0.0
5.6145899CE-C3
0.0
0.0
.O0
2.06204295E-G1
0.0
0.0
i.OCCCCOOCE 00
27C
275
280
285
29SC
295
300
305
310
315
320
325
330
335
340
345
350
355
360C
3e5
37C
375
380
385
3SC
395
4CC
405
410
415
42C
425
9.00936317E 00
0.0
C.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
O.C
0.0
0.0
0.0
C.C
C.O
C.C
0.0
O.C
C.0
7.04889221E 01
4.73136139E 01
C.C
0.0
0.C0
C.C
C.C
C.0
C.0
C.C
C.0
0.0
C.C
C.0
0.0
C.0
O.C
0.0
C.0
0.0
ZO)
o 0
9co
gJ
Cr
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426
431
436
441
446
451
456
46b
466
471
476
481
486
491
496
' 501
5C6
511
516
521
52o
53i
556
541
546
551
55e
561
56e
571
576
581
586
591
596
6Ci
e6
61i
6ib-
62e
631
636
1.6477Ch42E-Oi
O.C
O.C
0.0
3.41C4c333E OC
O C
0.0
i.00OOCCOOE 00
3.41346333E OC
0.0
C.O
1.SSSS SESE-CI
4.2372bte5E-C3
1.413'9g5tt CC
1.413Z95'S5L 00
0.0
0.0
O.C
0.0
5.t433118Ee 05
O.C
O.C
0.0
O.C
3.67495418E-03
0 0
0.0
5.15S3i15:E-Gk
C.0
0.0
O.C0.0c
0.0
0.0
0.0
0.c
O.C
o.c
0.0
O.C
O.C
427
432
437
442
447
452
457
462
412
477
e82
487
'.92
497
5C2
5C7
'12
517
52;
5 1
532
537
54?
547
S52
557
562
567
512
577
5e2
587
597
6C2
607
61-
:7
032
C37
6.CCC93305E-0L 428
0.0 433
O.C 438
O.0 443
3.41C46333E OC 448
0.0 453
O.C 458
5.7CCOO0 0GE 03 463
3.41046333E OC 468
5.6SSCS866bE 00 473
O.C 478
2.CCCOOOLCE OC 463
4.2 3 728e 7 5 L-03 488
C.C 493
C.G 498
0.0 503
O.C 5C8
C.C 513
0.0 518
3.656564e4E 04 523
2.3e7Eec33t OC 528
C.C 533
O.C 538
1.33b4133eE-02 543
3.654797g0E-06 548
0.0 553
0.0 558
C.C 563
0.0 568
O.C 573
0.0 578
G.C 583
0.0 588
O.C 593
O.C 598
e.c 603
0.0 606
O.C 613
0.0 618
0.0 623
0.[, 628
0.0 633
O.c 638
1.64770842E-C1 429
0.0 434
C.0 43q
0.0 444
3.410C4333E CO 449
C.O 454
0.0 459
C.C 464
3.41046333E CO 469
_5.69998386t Co 47s
0.0 479
1.18000000E Cb 484
4.2372E675E-03 489
1.41393S56E 00 494
C.O 4'99
C.0 504
O.C 50C
C.0 514
C.O 519
5.t433118Et C5 524
1.0374E6CbE 00 529
C.C 534
C.C 539
3.674954ilB-C3 544
3.8547c78CEO- 0 549
1.41c6 197i1-0 554
G.0 559
C.C 5c4
*:.O 569
.O0 57.,
0.0 579
C.O 584
0.0 589
C.O 554
G.0 5S9
O.C oC4
0.0 609
C.O 6i4
O.C 6b19
'.0 62,
C.C o2S
C.C 6 3.
0.0 639
6.000933C5t-C1
0.0
0.0
0.0
3.410463333E CC
U.0
C.0
0.0
3.41046333E CC
5.6999980oE 00
C.O
0.0
O.G
1.41395956t CO
0.0
G.O
C.C
0.0
0.0
3.65650484E 04
2.38788C33E CO
0.0
0C.
i.3384A336E-C2
3.8547$78CE-C6
5.15931156E-C8
6.0
C..
0.0
C.O
0.0
C.0
0.0
0.0
0.0
C .O
z .0
0.0
C.0
C.O
0.0
43C
435
440
445
45C
455
46C
465
47C
475
48C
465
490
495
500
505
510
515
52C
525
530
535
54C
545
550
555
56C
565
57C
575
58C
585
590
595
600
6C5
61C
615
62C
625
63C
635
64C
0.0
C.O
0.0
0.0
0.C
0.0
C.C
0.0
0.0
5.69999886E 00
C.C
4.23728675E-03
0.0
1.413SSS56E 00
0.0
C.O
0 .0
0.0
0.0
0.0
1.0374860SE 00
0.0
0.0
G.0
3.8547S780E-06
1.41661971E-C8
0.0
0.0
0.0
O.C
O.C
0.0
O.C
C.C
0.0
0.0
O.0
C.0
O.C
C.C
0.0
5 .O
0.0
ZC)
0>
3 0
' o
n 
M1
|' Space Division
OD% North American Rockwell
Table 3-11. Sensor Support Requirements
Summary
Sensor Type Visible/UV Spectrometer Mission No. 7 Planet Saturn
Observation Objectives: Total Observation Worth = 2. 95
SD70-24 Page C - 92 Worth = 0. 50
Page C - 96 Worth = 0.55
Page C - 97 Worth = 0.70
Page C
Page C
Capability Level
Observation Requirements Level
- 99 Worth = 0. 30
- 104 Worth = 0. 60
Maximum
Optimal
Trajectory Points:*
Point
Characteristics
Time to periapsis (s)
Latitude (deg)
Longitude (deg)
Sun angle (deg)
1
Max. Alt.
-5. 39E04'*
5. 55
46. 4
23.4
Support Requirements:
Mass (kg)
Average power (w)
Length (m)
Width (m)
Height (m)
Volume (m 3 )
Data rate (bit/s)
Pointing accuracy (deg)
Pointing stability (deg/s)
Roll Rate limit (deg/s)
Scan Rate limit. (deg/s)
Scan amplitude (deg)
Collecting optics diameter
888. 7
4. 20
4. 41
1. 0
1. 0
4. 05
1. 62E04
9. 0
3. 8
3. 8
7. 82E03
8. 90
1. 0
3-102
SD 70-375-1
J
Space Division
'y1 North American Rockwell
Table 3-11. Sensor Support Requirements
Summary (Cont)
Capability Parameters:
Max. wavelength (XM) (F') 1.0
Min. wavelength (k m ) ([%) 0. 1
Spectral resolution (AX) (F') 1. E-05
Spatial resolution (m) 2. 34E+05
Angular resolution (deg) 0. 0168
Exposure time (sec)
Field/view length (km)
Swath width (km)
Area/frame (%) 1. 2E-04
Total area (%) 67. 1
Total Sensor Worth 1. 1E-08
Notes: Number of detectors 2
Number of mirror faces 1
Detector type Photomultiplier
*Extrema of all requirements not necessarily incurred at point listed
;:**-5.39E04 = -5.39 x 10 - 4
3- 103
SD 70-375-1
Space Division91% North American Rockwell
4.0 SENSOR GROUPING
4. 1 GROUPING METHODOLOGY
A sensor family is defined as the set of remote sensors that can
perform required observations when operated on a common mission tra-
jectory. Two levels of families can be defined, corresponding to the levels
of observation and measurement requirements:
1. Optimal: each sensor is designed to meet the optimal measure-
ment requirements, subject to limitations imposed by the sensor
SOA and the trajectory.
2. Marginal: each sensor is designed to meet only the marginal
measurement requirements.
Obviously, if a sensor type cannot be represented in a marginal family due
to SOA limitations or mission constraints, that type will not be represented
in the optimal family for that mission. Normally, no sensor in a family will
be overdesigned relative to its measurement requirements, but in a few
instances (e. g., particle and field sensors), the designs presented are more
than adequate for the observations defined in Reference 1.
Families are defined without reference to interference between sensors.
Potential interference problems are indicated in Sections 4. 2. 3 and 4. 3. 4.
The grouping procedure depends to some extent on the kind of mission.
4. 1. 1 Single-Planet Flybys
The trajectory is adjustable to permit optimization of the worth of a
sensor or a family of sensors, subject to the approach trajectory and the
requirement that the planet not be impacted. The procedure adopted is to
determine the trajectory that optimizes area coverage and spatial resolution
by the visible-light imaging (TV) sensor, as discussed in Section 3.3. An
attempt is then made to apply the scaling laws to design imaging sensors of
other types to meet the remaining imaging observation requirements applic-
able to the planet encountered. The sensors that can be so designed, together
with the TV sensor, constitute the imaging sensor family for this trajectory,
even though some of the non-TV imaging sensors are not optimized as to
worth or support requirements by this trajectory (i. e., some other trajectory
exists on which one or more of the sensors would more nearly attain the
optimal observation requirements).
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However, if a sensor type cannot meet at least the marginal observa-
tion requirements on this trajectory, a different trajectory could be deter-
mined to optimize the worth of this type. Two or more families of imaging
sensors could then be defined for this mission: (1) the TV sensor and other
sensors compatible with its trajectory, (2) the sensors incompatible with
that trajectory, but compatible with some other allowed trajectory. This
procedure was not needed in the study.
The non-imaging sensors were then designed for the trajectory used
for the TV sensor, and (if they meet at least the marginal observation
requirements) form an integrated family (see Section 4. 2. 2) with the TV
sensor and the imaging sensors compatible with the TV.
Missions in this category for which sensor families were designed
are (2) 1984 Mercury flyby and (3) 1980 Venus flyby. Since these are inner-
planet flyby missions, only non-imaging sensors are within the scope of the
study. The part of the above procedure that applies to imaging sensors was
not used for these missions.
4. 1.2 Multi-Planet Flybys
At all but the terminal planet on a multi-planet flyby trajectory, the
trajectory is fixed by gravity-assisted swingby requirements. Either a
sensor type can meet or exceed the marginal observation requirements from
this trajectory, or it cannot. Usually, one of the encounters leads to greater
mass than the other encounters, to meet the given levels of observation
requirements at the respective planets. The sensor designed for this
encounter is usually compatible with the other encounters, i. e., it can meet
at least the marginal observation requirements at all planets.
It is possible that a sensor design optimized for one planet is incom-
patible with other planets, but it is nevertheless included in the family. If
a different sensor of this type can be designed to be compatible with the other
encounters, the family for the mission contains both sensors of this type.
One sensor would be used at one or two planets, the other at the remaining
planets. This situation did not occur in the study.
In the tables of compatible sensor families for multi-planet missions,
the key support requirements are given for sensors designed for each
encounter. The sensors belonging to the family, i. e., the one to be used at
all encounters, is the one with the greatest mass. However, the power,
data rate, data quantity, and, sensor worth were calculated for a sensor
designed for individual encounters. Therefore, the sensor used at all
encounters (but designed for one encounter) will have a different data rate,
data quantity, and worth at the other encounters.
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The terminal planet encounter is not constrained by gravity-assist,
and is treated as a single-planet flyby.
Missions in this category for which sensor families were defined are
(6) 1982 Venus-Mercury, (7) 1976 Jupiter-Saturn, (9) 1978 Jupiter-Uranus-
Neptune, and (12) 1978 Jupiter-Saturn-Pluto. Imaging sensor support
requirements were computed only for encounters at Saturn, Uranus, and
Neptune, so only one imaging sensor of each type is considered for Mis-
sions (7) and (12), and none for Mission (6) (see Table 3-3). Single-planet
procedures are employed for imaging and non-imaging sensor families for
Saturn in Mission (7) and Neptune in Mission (9). Observations at Pluto are
outside the scope of this study, but the requirement to fly past Pluto is a
constraint on the Saturn encounter in Mission (12).
4. 1.3 Orbiters
Imaging sensor families were defined for orbiter missions at Mercury,
Venus, Mars, and Jupiter in Reference 3. Ten orbits were considered at
each inner planet, and 11 at Jupiter. In this study, two orbits were selected
at each inner planet, and three at Jupiter, for which the greatest number of
imaging sensor designs were determined. Non-imaging sensors were
designed for use in these orbits, and, if they met the observation require-
ments, were grouped into a non-imaging sensor family for the given orbit.
Details of the orbit selection are presented in Section 3. 2. 2.
4.2 SENSOR FAMILIES FOR INNER PLANETS AND JUPITER
Families of compatible sensors for missions to the inner planets,
Mercury and Venus, and to Jupiter are described in this section. The non-
imaging sensors are those selected and described during this study, and the
imaging sensors are derived from the results of Contract NAS2-4494 (Refer-
ence 3). Non-imaging sensor families are described in Section 4. 2. 1,
imaging sensor families in Section 4. 2. 2, and integrated (imaging and non-
imaging) families are described in Section 4. 2. 3.
The general scientific observational purpose, some descriptive char-
acteristic (preferably quantitative), the most significant support require-
ments, and the total worth of each sensor in each family are given. The
total data quantity is simply the mean data acquisition rate multiplied by the
time interval from first to last operation of the sensor at the given encounter.
The sensor may be operated intermittently, so the data quantity may be
overestimated. The worth of sensors in a marginal-capability family is, by
definition, zero unless the sensor design exceeds the marginal measurement
requirements.
4-3
SD 70-375-1
Space Division9D North American Rockwell
4. 2. 1 Non-Imaging Sensor Families
Compatible families of non-imaging sensors for missions to the inner
planets and Jupiter are described in Tables 4. 2-1. 1 through 4. 2-1. 14. The
sensors included in these families have been selected for these applications
during the course of this study, and the support requirements are determined
by the scaling law techniques previously discussed. Sensor families are
developed for the missions noted below and are described in the tables as
indicated.
Mission
1984
1980
1982
1976
1978
1984
1984
1977
1977
1984
1984
1978
1978
1978
Earth-Mercury
Earth-V enus
Earth-Venus -Mercury
Earth-Jupiter-Saturn
Earth-Jupiter - Saturn-P luto*-
Mercury Orbit No. 1
Mercury Orbit No. 10
Venus Orbit No. 1
Venus Orbit No. 9
Mars Orbit No. 1
Mars Orbit No. 8
Jupiter Orbit No. 1
Jupiter Orbit No. 9
Jupiter Orbit No. 11
Table
4.2-1. 1
4. 2-1. 2
4. 2-1. 3
4. 2-1.4
4. 2-1. 5
4. 2-1.6
4. 2-1. 7
4. 2-1. 8
4. 2-1. 9
4. 2-1. 10
4. 2-1. 11
4. 2-1. 12
4. 2-1. 13
4. 2-1. 14
In Tables 4. 2-1. 1 to 4.2-2. 9, the family and measurement requirement
level are indicated. Each sensor is described by number, name, a key
design characteristic, and the observational objective that led to the largest
sensor mass. The planet at which the most massive sensor is required is
indicated (this is relevant to multi-planet flyby missions). "Tabulation"
refers to a one-page sensor requirements summary table in Appendix A.
The sensor worth is a relative measure of the quantitative support of observa-
tion requirements by the sensor on the given mission, and of the importance
of the observation objectives. At the marginal measurement requirements
level, the sensor worth is zero. Sensor worth is defined further in
Reference 2.
*Pluto not within scope of study
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Table 4.2-1. 1. Sensor Family for 1984
Earth-Mercury Mission (2)
fO Imaging
([ Optimal
I[ Non-imaging [ Integrated sensor family
E] Marginal measurement requirements
Support Requirements
Total
Num- Sensor Type and Mass Power Data Rate Data Sensor
ber* Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
4. Microwave Radiometer-Measuring 1900 75 50 1.84x105 4-1 A-25 7.22x10 - 6
Antenna diameter 25. 12 m
Surface composition Mercury
7. Flux-Gate Magnetometer 2. 1 6.0 1500 2.52x107 7-1 A-54 1.22
Triaxial
Interior composition Mercury
8. Helium Magnetometer 3.4 10.0 40 67.2x104 8-1 A-55 1.22
Interior composition Mercury
9. Scintillation Spectrometer 0.9 2.0 100 1. 68x10 9-1 A-57 0. 69
5 cm photomultiplier
Surface composition Mercury
11. Electrostatic or Faraday Cup 8.7 8.7 420 7. 05x106 11-1 A-58 0.15
Analyzer
Diameter 10 cm
Interior composition Mercury
Notes: *See Table 3-1.
**Refers to Appendix A.
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Table 4.2-1. 1. Sensor Family for 1984
Earth-Mercury Mission (2) (Cont)
l Imaging nX Non-imaging ] Integrated sensor family
i Optimal O Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
12. Geiger-Mueller Counter Array 1.0 0.40 30 5. 04x105 12-1 A-61 0.79
2 counters
Interior composition Mercury
13. Proportional Counter Array 5. 0 1.0 50 8. 4x10 5 13-1 A-63 0.31
2 counters
Interior composition Mercury
15. Filter Radiometer 5.0 67.0 3.4 12. 5x103 15-1 A-65 9.85x10-2
Collector diameter: 0. 01 m
Surface temperature Mercury
22. Laser Radar 315 331 11.67 7.66x10 22-1 -110 2.14x10
14
Nd YAG
Surface topography Mercury
26. Solid-State Telescope 0.53 1.0 100 1. 68x10 26-1 A-138 0.79
3 Si wafers Z tO
Interior composition Mercury D 
Notes: M.
=5'
a
Table 4.2-1. 1. Sensor Family for 1984
Earth-Mercury Mission (2) (Cont)
0I Non-imaging [ Integrated sensor family
E Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Numbe r Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
27. Li 6 I Spectrometer 0. 9 2. 0 50 8. 4x10 5 27-1 A-140 0.34
5 cm photomultiplier
Surface composition Mercury
28. Curved Plate Plasma Spectrometer 5.5 7.5 512 8. 6x106 28-1 A-142 0.15
1 slit
Interior composition Mercury
Notes:
I
ZCD0a.
3: 
M.:
2S
a Imaging
[-I Optimal
&JI!
a Imaging
E Optimal
Table 4. 2-1. 1. Sensor Family for 1984
Earth-Mercury Mission (2) (Cont)
[i Non-imaging [ Integrated sensor family
El Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
4. Microwave Radiometer-Measuring 3.3 5. 0 .054 101 4-1 A-25 0.0
Antenna diameter 1. 25 m
Surface composition Mercury
7. Flux-Gate Magnetometer 2. 1 6. 0 1.5 2. 52x104 7-1 A-54 0.0
Triaxial
Interior composition Mercury
8. Helium Magnetometer 3.4 10.0 40 67. 2x104 8-1 A-55 0.0
Interior composition Mercury
9. Scintillation Spectrometer 0. 9 2.0 100 1. 68x106 9-1 A-57 0. 69
5 cm photomultiplier
Surface composition Mercury
11. Electrostatic or Faraday Cup 1.5 1.5 70 1. 17x10 11-1 A-58 0. 0
Analyzer
Diameter 10 cm
Interior composition Mercury
Note s:
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Table 4.2-1. 1. Sensor Family for 1984
Earth-Mercury Mission (2) (Cont)
] Non-imaging ] Integrated sensor family
XQ Marginal measurement requirements
Support Requirements
TotalTabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
12. Geiger-Mueller Counter Array 1.0 0.40 30 5. 04x105 12-1 A-61 0.79
2 counters
Interior composition Mercury
13. Proportional Counter Array 5.0 1.0 50 8.4x105 13-1 A-63 0.31
2 counters
Interior composition Mercury
15. Filter Radiometer 2.0 25.5 1.8x10
-
2 33.6 15-1 A-65 0.00
Collector diameter: 0. 01 m
Surface temperature Mercury
22. Laser Radar 315 331 11.67 7.66x10 4 22-1 -110 2.14x10 1 4
Nd YAG
Surface topography Mercury
26. Solid-State Telescope 0.53 1.0 100 1. 68x10 6 26-1 A-138 0.79
3 Si wafers
Interior composition Mercury
Notes:
EO
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Table 4.2-1. 1. Sensor Family for 1984
Earth-Mercury Mission (2) (Cont)
[J Non-imaging - Integrated sensor family
N Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
27. Li 6 I Spectrometer 0.9 2.0 50 8.4x10 5 27-1 A-14( 0.34
5 cm photomultiplier
Surface composition Mercury
28. Curved Plate Plasma Spectrometer 5. 5 7. 5 512 8. 6 x106 28-1 A- 142 0. 0
1 slit
Interior composition Mercury
Notes:
I
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Table 4. 2-1. 2.
O Imaging
Sensor Family for 1980 Earth-Venus
Mission (3)
[4- Non-imaging [ Integrated sensor family
i Optimal D Marginal measurement requirements
Support Requirements
TotalTabulation
Sensor Type and Mass Power Data Rate Data Tabution Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
4. Microwave Radiometer-Measuring 91.36 45.2 5.26 14.3x104 4-2 A-26 2.48x10 - 7
Antenna diameter: 5. 05 m
Cloud temperature Venus
4 9
15. Filter Radiometer 6.58 87.0 26.3 7.35x104 15-2 -46 1. 64x10
Collector diameter: .0242 m
Atmospheric temperature Venus
22. Laser Radar 316.2 333.3 11.67 15.5x10
5 22-2 -111 4.52x10
18
Nd YAG
Aerosol size and distribution Venus
23. Bi-Frequency Radio Occultation 1658 5.0 88 6x10 3 23-1 A-126 1. 92x10 3
Antenna diameter; 33. 22 m
Ionosphere density; figure Venus
Notes:
I
0z
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Table 4. 2-1.2. Sensor Family for 1980 Earth-Venus
Mission (3) (Cont)
L Imaging
- Optimal
[ Non-imaging E] Integrated sensor family
'J Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
4. Microwave Radiometer-Measuring 1.094 5.0 2. 57x10
-
2. 57x10
-
2 4-2 A-26 0.0
Antenna diameter .25 m
Cloud temperature Venus
15. Filter Radiometer 4.99 66.5 .189 5.3x10 15-2 A-46 0.0
Collector diameter: .01 m
Atmospheric temperature Venus
22. Laser Radar 316.2 333.3 11. 67 15. 5x10 22-2 A-ill 4. 52x10 18
Nd YAG
Aerosol size and distribution Venus
23. Bi-Frequency Radio Occultation 1658 5.0 .063 60 23-1 A-126 0.0
Antenna diameter: 33.22 m
Ionosphere density; figure Venus
Notes:
I
N
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Table 4. 2-1. 3. Sensor Family for 1982 Earth-Venus-Mercury
Mission (6)
i[ Non-imaging E Integrated sensor family
EI Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
4. Microwave Radiometer-Measuring
Antenna diameter: 12. 63 m
(Venus)
Antenna diameter: 25. 1 m
(Mercury) Venus 507.7 75.2 4.03 27.4x104 4-3 A-27 1.69x10 5
Cloud temperature
Surface composition Mercury 1930 75.2 39.4 17.3x10 4-4 A-28 7.55x10 7
7. Flux-Gate Magnetometer 2.1 6.0 1500 3.2x10 7-2 A-56 1.22
(7-1) (A-54Triaxial
Interior composition Mercury
8. Helium Magnetometer 3.4 10.0 40 8.56x10 5 8-2 A- 56 1.22
Interior composition Mercury (8-1) (A-55
9. Scintillation Spectrometer 0.9 2.0 100 2. 14x10 9-2 0.69
5 cm photomultiplier(9-1)(A-57
Surface composition Mercury Z D
30
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Table 4.2-1.3. Sensor Family for 1982 Earth-Venus-Mercury
Mission (6) (Cont)
E Imaging
X Optimal
I' Non-imaging F] Integrated sensor family
a Marginal measurement requirements
Support Requirements
TotalTabulation
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
11. Electrostatic or Faraday Cup 8.7 8.7 420 8. 95x10 11-2 A-60 0. 15
Analyzer (11-1) (A-59
Diameter; 10 cm
Interior composition Mercury
12. Geiger-Mueller Counter Array 1.0 .40 30 6.42x105 12-2 A-62 0.79
~~~~~~~~~~~~2 counters ~(12-1) (A-612 counters
Interior composition Mercury
13. Proportional Counter Array 5.0 1.0 50 10.7x10 13-2 A-64 0.31
2 counters I I j I 1 1(13-1) (A-63
Interior composition Mercury
15. Filter Radiometer
Collector diameter: 3. 17 cm
(Venus)
Collector diameter: 3. 17 cm
(Mercury) Venus 6. 68 87 97 24.4x10 15-4 A-68 1.91x10
Atmosphere temperature Mercury 6.68 87 43 21.8x10 15-3 A-67 9.85x10 2
Surface temperature
Notes:
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Table 4. 2-1. 3. Sensor Family for 1982 Earth-Venus-Mercury
Mission (6) (Cont)
fl Imaging
X Optimal
[I Non-imaging E Integrated sensor family
-Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
22. Laser Radar Venus 316.2 333.3 11. 67 11x104 22-3 A-112 7.91x10 17
Nd YAG
Aerosol size and distribution Mercury 307.4 315. 1 11.67 8.8x104 22-4 A-113 2. 14x10 1 4
Surface topography
23. Bi-Frequency Radio Occultation 1658 5.0 59 6x103 23-2 A-127 1. 92x10 3
Antenna diameter: 33. 22 m
Ionosphere density; figure Venus
26. Solid-State Telescope .53 1.0 100 2. 14x10 26-2 A-139 0.79
(26-1) (A-
3 Si wafers 138)
Interior composition Mercury
27. Li I Spectrometer 0.9 2.0 50 10. 7x10 27-2 A-141 0.34
5 cm photomultiplier (27-1) (A-
Interior composition Mercury 140)
28. Curved Plate Plasma Spectrometer 5.5 7.5 512 11x10 6 28-2 A-143 0. 15
(28-1) (A-1 slit
Interior composition Mercury 142)
Note s:
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Table 4. 2-1. 3. Sensor Family for 1982 Earth-Venus-Mercury
Mission (6) (Cont)
[ Imaging
] Optimal
[-I Non-imaging [ Integrated sensor family
' Marginal measurement requirements
Support Requirements
TotalTabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
4. Microwave Radiometer-Measuring
Antenna diameter: 1.25 m
(Venus ) Venus 3.34 5. 0 8. 57x10 8. 57x10 4-3 A-27 0. 0
Antenna diameter: 1.25 m
(Mercury)
Cloud temperature
Surface composition Mercury 3.34 5. 0 .044 100 4-4 A-28 0.0
7. Flux-Gate Magnetometer 2. 1 6. 0 1. 5 3.2x10 7-2 A-56 0.0
Tr iaxial (7-1) (A- 54)
Interior composition Mercury
8. Helium Magnetometer 3.4 10. 0 40 8. 6x105 8 -2 A-56 0.0
Interior composition Mercury (8-1) A-55)
9. Scintillation Spectrometer 0. 9 2.0 100 2. 14x10 9-2 0.69
(9-1) (A-57)5 cm photomultiplier
Surface composition Mercury
Notes:
I I
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Table 4. 2-1. 3. Sensor Family for 1982 Earth-Venus-Mercury
Mission (6) (Cont)
O Imaging
E[ Optimal
['i Non-imaging El Integrated sensor family
E[ Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
11. Electrostatic or Faraday Cup 1.5 1.5 70 15x10 5 11-2 A-60 0.0
Analyzer (11-1) (A-59
Diameter: 10 cm
Interior composition Mercury
12. Geiger-Mueller Counter Array 1.0 .40 30 6. 42x105 12-2 A-62 0. 79
2 counters
Interior composition Mercury
13. Proportional Counter Array 5.0 1.0 50 10.7x10 13-2 A-64 0.31
(13-1) (A-632 counters
Interior composition Mercury
15. Filter Radiometer
Collector diameter: .01 m
(Venus) Venus 4.99 66.5 .112 2.82x10 15-4 A-68 0.0
Collector diameter: .01 m
(Mercury)
Atmospheric temperature
Surface temperature Mercury 4. 99 66.5 .316 160 15-3 A-67 0.0
Notes:
I-
--
0'
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Table 4. 2-1. 3. Sensor Family for 1982 Earth-Venus-Mercury
Mission (6) (Cont)
L] Imaging
L[ Optimal
' Non-imaging [] Integrated sensor family
i Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
22. Laser Radar
Nd YAG Venus 316.23 333.3 11.67 11.x104 22-3 A-112 7.91x10 1 7
Aerosol size and distribution
Surface topography Mercury 307.4 315.08 11.67 8.84x10 22-4 A-113 2. 14x10 14
23. Bi-Frequency Radio Occultation 1658 5.0 .049 60 23-2 A-127 0.0
Antenna diameter: 33.22 m
Ionosphere density; figure Venus
626. Solid-State Telescope .53 1.0 100 2. 14x10 26-2 A-139 0.79
(26-1) (A-3 Si wafers 138)
Interior composition Mercury
27. Li I Spectrometer .9 2.0 50 1.07x10 27-2 A-141 0.34
5 cm photomultiplier(27-1) A-
Interior composition Mercury 140)
28. Curved Plate Plasma Spectrometer 5.5 7.5 512 11x106 28-2 A-143 0.0
(28-1) (A-1 slit
Interior composition Mercury 142)
Note s:
300
i.'
0
tB
!I
00
Table 4.2-1.4. Sensor Family for 1976 Earth-Jupiter-Saturn
Mission (7)
O Imaging ['J Non-imaging [] Integrated sensor family
[ Optimal O Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
4. Microwave Radiometer-Measuring
Antenna diameter: 5. 05 m Jupiter 91.36 45.2 2. 9 57.8x103 4-5 A-29 1. 84x10
-
9
Cloud structure and
temperature Saturn 43.25 34.5 .404 31. 2x10 4-6 A-30 1.49x10
7. Flux-Gate Magnetometer
Triaxial Jupiter 2. 1 6. 0 1500 1. 82x10 7-2 A-56 1. 22
Interior composition and 10 (7-1) (A-54
motion Saturn 2. 1 6. 0 1500 1. 53x10 7-2 1. 22
8. Helium Magnetometer
Interior composition and
motion Jupiter 3.4 10. 0 40 4.84x10& 8-2 (A-56 1.22
(8-1) A-55)
19. Michelson Radiometer
Antenna diameter: .984 m Jupiter 1260 87 7. 66x103 18. lx10 19-1 -69 1.46x10 - 6
Atmospheric composition and (15-5) A-69)
pressure 3 7 )7 z )
Atmospheric composition and Saturn 1260 87 1. 07x10 3.4x10 19-2 A-70 9.35x10 0 o
pressure; ring composition (15-6) A-70) 
Notes:
~~~~~~~~~~~~~~~~~~~~~~~~~~~Note s:D8~~~~~~~2
I
,o%D
Table 4. 2-1. 4. Sensor Family for 1976 Earth-Jupiter-Saturn
Mission (7) (Cont)
] Imaging - Non-imaging [D Integrated sensor family
- Optimal El Marginal measurement requirements
Support Requirements
Tabulation
Sensor Type and Mass Power Data Rate Data Tabul Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
21. Visible/UV Spectrometer
Collector diameter: 1.0 m Jupiter 888.7 4.2 1. 19x105 9.05x109 21-1 A-100 5x10 8
Atmospheric composition Saturn 888.7 4.2 1. 6 2x10 17.5x10 8 21-2 A-101 1. 1x10
22. Laser Radar
Nd YAG Jupiter 100 83.3 11. 67 11. 6 x104 22-5 A-104 1. 13x10 1 7
Aerosol size and distribution Saturn 100 83.3 11. 67 20. 5x10 22-6 A-105 2.26x10 1 7
23. Bi-Frequency Radio Occultation
Antenna diameter: 33.22 m Jupiter 1658 5.0 247. 6 20x103 23-3 A-128 1. 92x10 -33 -3Ionosphere density; figure Saturn 1658 5.0 225.8 20x10 23-4 A-129 1. 92x10
Notes:
N
1I
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Table 4.2-1.4. Sensor Family for 1976 Earth-Jupiter-Saturn
Mission (7) (Cont)
D Imaging
O Optimal
- Non-imaging O Integrated sensor family
[ Marginal measurement requirements
Support Requirements
TotalTabulation
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
4. Microwave Radiometer-Measuring
Antenna diameter: .860 m Jupiter 2. 11 5.0 .01 566 4-5 A-29 0.0
Cloud structure and
temperature Saturn 2. 11 5.0 8.49x10 655 4-6 A-30 0.0
7. Flux-Gate Magnetometer
Triaxial Jupiter 2. 1 6.0 1.5 1.53x107 7-2 A-56 0.0
Interior composition and 7 (7-1) (A-54
motion Saturn 2. 1 6. 0 1. 5 1.82x107 7-Z -A56 0. 0
(7-1) (A-54
8. Helium Magnetometer
Interior composition Jupiter 3.4 10.0 40 4.84x108 8-2 A-56 0.0
(8-1) (A- 55)
15. Filter Radiometer
Collector diameter; 2. 3 cm Jupiter 5. 07 66. 5 1. 22 2. 88x10 15-5 A-69 0. 0
Atmospheric temperature Saturn 3.03 66.5 .0856 2.74x10 15-6 A-70 0.0
21. Visible/UV Spectrometer
Collector diameter; 10 cm Jupiter 2.08 4.2 .494 494 21-1 A-100 0.0
Atmospheric composition Saturn 2.08 4. 2 .404 404 21-2 - 101 0.0
Notes:
I
0*o ()
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Table 4.2-1.4. Sensor Family for 1976 Earth-Jupiter-Saturn
Mission (7) (Cont)
O Imaging
] Optimal
nX Non-imaging [- Integrated sensor family
[j Marginal measurement requirements
Support Requirements
TotalTabulation TotalSensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
22. Laser Radar
Nd YAG
Aerosol size and distribution Jupiter 100 83.3 11.67 11. 7x10 4 22-5 A-114 1.13x10
-
1 7
Saturn 100 83.3 11.67 20.5x104 22-6 A-115 2.26x10 1 7
23. Bi-Frequency Radio Occultation
Antenna diameter: 33.22 m Jupiter 1658 5.0 .165 200 23-3 A-128 0.0
Ionosphere density; figure Saturn 1658 5.0 . 137 200 23-4 A-129 0.0
Notes:
I.
N
Z U)
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Table 4. 2-1. 5. Sensor Family for 1978 Earth-Jupiter-Saturn-
Pluto*: Mission (12)
O Imaging [] Non-imaging [ Integrated sensor family
[i Optimal O Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
4. Microwave Radiometer-Measuring
Antenna diameter: 12. 6 m Jupiter 507.7 75.2 33.88 4.67x106 4-10 A-34 4.29x10
-
9
Cloud structure and
temperature Saturn 507.7 75.2 6.02 7.44x105 4-11 A-35 3.76x10
-
8
7. Flux-Gate Magnetometer
Triaxial Jupiter 2. 1 6.0 1500 8.72x109 7-2 A-56 1.22
Interior composition and 9 (7-1) (A-54
motion Saturn 2. 1 6.0 1500 8. 48x10 7-2 A-56 1.22
(7-1) (A-54
8. Helium Magnetometer
Interior composition and
motion Jupiter 3.4 10.0 40 23.2x1077 8-2 A-56 1.22
Saturn 3.4 10.0 40 22.6x107 8-2 A-56 1.22
(8-1) 'A-55
19. Michelson Interferometer
Collector diameter: 100 cm Jupiter 1320 87 1. 66x103 11. 5x108 19-6 A-74 1. 17x10- 7
Atmospheric composition and (15-10) A-74)
pressure 7 -7
Atmospheric composition and Saturn 1320 87 866 6.85x10 19-7 A-75 1.33x10
pressure; ring composition
Notes:
*Pluto not within scope of study.
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Table 4. 2-1. 5. Sensor Family for 1978 Earth-Jupiter-Saturn-
Pluto:' Mission (12) (Cont)
O Imaging [II Non-imaging [ Integrated sensor family
[i Optimal O Marginal measurement requirements
Support Requirements
TotalTabulation
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
21. Visible/UV Spectrometer
Collector diameter: 100 cm Jupiter 974.4 4.2 1. 83x10 4 4.76x1 8 21-6 A-105 5. 6 x10-9
Atmospheric composition Saturn 974.4 4.2 2.19x10 6 .8x10 21-7 -106 9.55x10
22. Laser Radar
Nd YAG
Aerosol size and distribution Saturn 316.2 333.3 11.67 3.38x105 22-10 A-119 1. 13x10 1 7
23. Bi-Frequency Radio Occultation
Antenna diameter: 33.22 m
Ionosphere density; figure Jupiter 1658 5.0 92.75 20x103 23-8 A- 133 1. 92x10
- 3
Notes:
* Pluto not within scope of study.
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Table 4. 2-1. 5. Sensor Family for 1978 Earth-Jupiter-Saturn-
Pluto*:' Mission (12) (Cont)
[ Imaging
] Optimal
9[ Non-imaging [ Integrated sensor family
[i Marginal measurement requirements
Support Requirements
Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
4. Microwave Radiometer-Measuring
-3
Antenna diameter: 1. 19 m Jupiter 3. 124 5.0 9. 76x10 683 4-10 A-34 0. 0
1. 19 m (Jupiter)
.86 m (Saturn)
Cloud structure and
temperature Saturn 2. 1 5.0 .004 496 4-11 A-35 0. 0
7. Flux-Gate Magnetometer
Triaxial Jupiter 2. 1 6. 0 1.5 8. 72x10 7-2 A-56 0.0
Interior composition and 6 (7-1) (A-54)
motion Saturn 2. 1 6. 0 1.5 8.49x10 7-2 k-56 0. 0
(7-1) A-54)
8. Helium Magnetometer
Interior composition and Jupiter 3.4 10. 0 40 23. 2x107 8-2 k-56 0. 0
motion Saturn 3.4 10. 0 40 22. 6x10 8-2 A-56 0. 0
(8-1) A-55)
15. Filter Radiometer
Collector diameter: 20 cm Jupiter 5.05 66.5 .0546 38. 2x10 15-10 A-74 0.0 Z W2
Atmospheric temperature Saturn 3.0 66. 5 .0320 25.4x10 15-11 A-75 0. 0
Notes:
*Pluto not within scope of study.
N
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Table 4.2-1.5. Sensor Family for 1978 Earth-Jupiter-Saturn-
Pluto*: Mission (12) (Cont)
l Imaging
] Optimal
M[ Non-imaging [ Integrated sensor family
[-i Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
21. Visible/UV Spectrometer
Collector diameter: 10 cm Jupiter 2.08 4.2 .475 475 21-6 A-105 0.0
Atmosphere composition Saturn 2.08 4.2 .482 482 21-7 A-106 0.0
22. Laser Radar
Nd YAG
Aerosol size and distribution Saturn 316.2 333.3 11.67 3.39x105 22-10 A-119 I. 13x10- 1 7
23. Bi-Frequency Radio Occultation
Antenna diameter: 33.22 m
Ionosphere density; figure Jupiter 1658 5.0 .084 200 23-8 A-133 0.0
Notes:
*Pluto not within scope of study.
Nly
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Table 4. 2-1. 6. Sensor Family for 1984 Mercury Orbit No. 1
El Imaging
i[ Optimal
[2 Non-imaging [ Integrated sensor family
El Marginal measurement requirements
Support Requirements
TotalTabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
4. Microwave radiometer-measuring
Antenna diameter: 25. 1 m
Surface composition Mercury 1930.0 75.0 12Z. 0 8.5 x 105 4-12 A-36 6. 52 x 10 - 2
7. Flux-gate magnetometer 2.1 6. 0 1500. 0 1. 04 x 10 7 7-1 A-54 1. 22
T riaxial
Interior composition Mercury
8. Helium magnetometer 3.4 10.0 40.0 2. 78 x 105 8-1 A-55 1.22
Interior composition Mercury
9. Scintillation spectrometer 0.9 2. 0 100. 0 6. 96 x 107 9-1 A-57 0.69
5 cm. photomultiplier
Surface composition Mercury
11. Electrostatic or Faraday Cup analyze 8.7 8.7 420.0 2.92 x 106 11-1 A-58 0. 15
Diameter: 10 cm
Interior composition Mercury
12. Geiger-Mueller counter array 1.0 0.4 30.0 2.09 x 105 12-1 A-61 0.79
2 counters
Interior composition Mercury
Note s:
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Table 4. 2-1. 6. Sensor Family for 1984 Mercury Orbit No. 1 (Cont)
[ Imaging ] Non-imaging [ Integrated sensor family
[~ Optimal E Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
13. Proportional counter array 5.0 1.0 50.0 3.48 x 105 13-1 A-63 0.31
2 counters
Interior composition Mercury
15. Filter radiometer 4.8 67.0 1.0 6. 96 x 103 15-12 A-76 1.55 x 102
Collector diameter: 0. 01 m Mercury
22. Laser radar 116.0 44.9 11.67 8.15 x 104 22-11 A-120 2.14 x 10 - 5
Nd YAG Mercury
Surface topography
23. Bi -frequency radio occultation 1681.0 5.0 15. 2 2 x 103 23-9 A-134 1.87 x 10 -
3
Antenna diameter: Mercury
33.2 m; freq. No. 1
3. 9 m; freq. No. 2
Note s:
N
00
z0)
o X
> D3 tC -D
. 5'
O
To
Table 4. 2-1. 6. Sensor Family for 1984 Mercury Orbit No. 1 (Cont)
L Imaging [j Non-imaging [ Integrated sensor family
I Optimal [a Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
26. Solid-state telescope 0.53 1.0 100. 0 6. 96 x 105 26-1 A-138 0.79
3 Si wafers
Interior composition Mercury
27. Li 6 I spectrometer 0. 9 2. 0 50. 0 3.48 x 10 5 27-1 A-140 0.34
5 cm photomultiplier
Surface composition Mercury
28. Curved-plate plasma spectrometer 5. 5 7. 5 512. 0 3. 56 x 106 28-1 A-142 0. 15
1 slit
Interior composition Mercury
Notes:
N
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Table 4. 2-1. 6. Sensor Family for 1984 Mercury Orbit No. 1 (Cont)
-] Imaging
[i Optimal
[ Non-imaging [] Integrated sensor family
R[ Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
4. Microwave radiometer-measuring 1. 0 5.0 0. 11 780.0 4-12 A-36 0.0
Antenna diameter: 0. 05 m
Surface composition Mercury
7. Flux-gate-magnetometer 2. 1 6.0 1. 5 1. 04 x 104 7-1 A-54 0.0
T riaxial
Interior composition Mercury
8. Helium magnetometer - : 3.4 10.0 40.0 2.78 x 105 8-1 A-55 0.0
Interior composition Mercury
9. Scintillation spectrometer 0. 9 2.0 100.0 6. 96.x 105 9.-1 A-57 0.69.
5 cm photomultiplier
Surface composition Mercury
11. Electrostatic or Faraday Cup analyzer 1.5 1.5 70.0 4. 87 x 105 11-1 A-58 0.0
Diameter: 10 cm
Interior composition Mercury
12. Geiger-Mueller counter array 1.0 0.4 30.0 2.09 x 105 12-1 A-61 0.79
2 counters
Interior composition Mercury
Notes:
w
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Table 4. 2-1. 6. Sensor Family for 1984 Mercury Orbit No. 1 (Cont)
D Imaging
D Optimal
- Non-imaging O Integrated sensor family
M[ Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
13. Proportional counter array 5.0 1.0 50.0 3. 48 x 105 13-1 A-63 0. 31
2 counters
Interior composition Mercury
15. Filter radiometer 2.0 26.0 0. 19 133.0 15-13 A-77 0.0
Collector diameter: .01 m
Surface temperature Mercury
22. Laser radar 116.0 44. 9 11.67 8. 15 x 104 22-11 A-120 2. 14 x 10 5
Nd YAG
Surface topography Mercury
23. Bi-frequency radio occultation 1681.0 5.0 0.015 2 23-9 A-134 0.0
Antenna diameter: Mercury
33. 2 m; freq. No. 1
3. 9 m; freq. No. 2
Notes:
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Table 4. 2-1. 6. Sensor Family for 1984 Mercury Orbit No. 1 (Cont)
LI Imaging
- Optimal
El Non-imaging [ Integrated sensor family
El Marginal measurement requirements
Support Requirements
TabulationSensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
26. Solid-state telescope 0. 53 1.0 100.0 6. 96 x 105 26-1 A-138 0.79
3 Si wafers
Interior composition Mercury
27. Li 6 I spectrometer 0.9 2.0 50.0 3.48 x 105 27-1 A-140 0.34
5 cm photomultiplier
Surface composition Mercury
28. Curved-plate plasma spectrometer 5.5 7.5 512.0 3.56 x 106 28-1 A-142 0.0
1 slit
Interior composition Mercury
Notes:
N
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Table 4. 2-1. 7. Sensor Family for 1984 Mercury Orbit No. 10
El Imaging
i Optimal
[] Non-imaging EJ Integrated sensor family
F- Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
4. Microwave radiometer-measuring Mercury 1930.0 75. 0 1. 2 3.6 x 105 4-13 A-37 8. 85 x 10
Antenna diameter: 25. 1 m
7. Flux-gate magnetometer 2. 1 6.0 1500.0 3. 29 x 108 7-1 A-54 1. 22
T riaxial
Interior composition Mercury
8. Helium magnetometer 3.4 10.0 40.0 8. 79 x 106 8-1 A-55 1. 22
Interior composition Mercury
9. Scintillation spectrometer 0. 9 2. 0 100. 0 Z. 2 x 107 9-1 A-57 0.69
5 cm photomultiplier
Surface composition Mercury
11. Electrostatic or Faraday Cup analyzer 8.7 8.7 420.0 9. 23 x 107 11-1 A-58 0. 15
Diameter: 10 cm
Interior composition Mercury
12. Geiger-Mueller counter array 1.0 0.4 30.0 6.6 x 106 12-1 A-61 0.79
2 counters
Interior composition Mercury
Notes:
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Table 4. 2-1. 7. Sensor Family for 1984 Mercury Orbit No. 10 (Cont)
E Imaging [i' Non-imaging [ Integrated sensor family
- Optimal O Marginal measurement requirements
Support Requirements
Tabulation
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
13. Proportional counter array 5.0 1.0 50.0 1. 10 x 107 13-1 A-63 0.31
2 counters
Interior composition Mercury
15. Filter radiometer 4.8 67.0 84.5 1. 87 x 107 15-13 A-77 9.9 x 10 ' 2
Collector diameter: 0. 01 m Mercury
22. Laser radar Mercury 314.0 328.9 11.67 1. 27 x 105 22-12 A-121 2.14 x 10 5
Nd YAG
Surface topography
26. Solid-state telescope 0. 53 1.0 100.0 2. 20 x 107 26-1 A-138 0. 79
3 Si wafers
Interior composition Mercury
27. Li 6 I spectrometer 0. 9 2. 0 50.0 1. 10 x 107 27-1 A-140 0.34
5 cm photomultiplier
Surface composition Mercury
28. Curved-plate plasma spectrometer 5.5 7.5 512.0 1. 12 x 108 28-1 A-142 0.15
1 slit
Interior composition Mercury
Notes:
0 t0
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Table 4. 2-1. 7. Sensor Family for 1984 Mercury Orbit No. 10 (Cont)
Imaging
Optimal
[n Non-imaging [] Integrated sensor family
R[ Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page. Worth
4. Microwave radiometer-measuring 1.0 5. 0 4. 2 x 10 ' 5 9. 0 4-1 A-37 0.0
Antenna diameter: 0. 09 m Mercury
7. Flux-gate magnetometer 2. 1 6.0 1.5 3. 29 x 105 7-1 A-54 0. 0
T riaxial
Interior composition Mercury
8. Helium magnetometer 3.4 10. 0 40.0 8. 79 x 106 8-1 A-55 0.0
Interior composition Mercury
9. Scintillation spectrometer 0.9 2.0 100.0 2.2 x 107 9-1 A-57 0.69
5 cm photomultiplier
Surface composition Mercury
11. Electrostatic or Faraday Cup 1.5 1.5 70. 0 1. 54 x 10 7 11-1 A-58 0.0
analyzer
Diameter: 10 cm
Interior composition Mercury
12. Geiger-Mueller counter array 1.0 0.4 30. 0 6. 60 x 106 12-1 A-61 0.79
2 counters
Interior composition Mercury
Note s:
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Table 4. 2-1. 7. Sensor Family for 1984 Mercury Orbit No. 10 (Cont)
E- Imaging
f] Optimal
[] Non-imaging r Integrated sensor family
E] Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
13. Proportional counter array 5.0 1.0 50.0 1. 10 x 10 7 13-1 A-63 0.31
2 counters
Interior composition Mercury
15. Filter radiometer 1.9 26.0 2.4 x 10 - 3 540 15-13A-77 0. 0
Collector diameter: 0. 01 m Mercury
22. Laser radar Mercury 314.0 328.9 11.67 1. 27 x 105 22-12A-121 2. 14 x 10 - 5
Nd YAG
Surface topography
26. Solid-state telescope 0. 53 1.0 100.0 2. 20 x 107 26-1 A-138 0. 79.
3 Si wafers
Interior composition Mercury
27. Li 6 I spectrometer 0.9 2.0 50. 0 1. 10 x 107 27-1 A-140 0.34
5 cm photomultiplier
Surface composition Mercury
28. Curved-plate plasma spectrometer 5. 5 7. 5 512. 0 1. 02 x 10 8 28-1 A-142 0.0
1 slit
Interior composition Mercury
Notes:
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Table 4. 2-1. 8. Sensor Family for 1977 Venus Orbit No. 1
O Imaging [' Non-imaging ] Integrated sensor family
i] Optimal O Marginal measurement requirements
Support Requirements
TotalTabulation
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
4. Microwave radiometer-measuring 51.0 75. 2 924. 0 5. 54 x 106 4-14 A-38 1. 87 x 102
Antenna diameter: 12. 6 m Venus
15. Filter radiometer 4.8 67.0 139.0 8. 3 x 105 15-14 A-78 1.65 x 10 ' 6
Collector diameter: 0. 01 m Venus
22. Laser radar 100.0 83.3 11.67 7.03 x 104 22-13 A-122 1.63 x 10-12
Nd YAG
Surface topography Venus
23. Bi -frequency radio occultation 1681.0 5.0 26.2 6 x 103 23-10 A-135 1.87 x 10
-
3
Antenna diameter: Venus
33. 2 m; freq. No. 1
3. 9 m; freq. No. 2
Notes:
4-
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Table 4. 2-1. 8. Sensor Family for 1977 Venus Orbit No. 1 (Cont)
[ Imaging
] Optimal
[I Non-imaging O Integrated sensor family
[E Marginal measurement requirements
Support Requirements
TotalTabulation
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
4. Microwave radiometer-measuring 1. 0 5.0 0.29 1730. 0 4-14 A-38 0. 0
Antenna diameter: 0. 05 m Venus
15. Filter radiometer 4. 8 67.0 0.09 540. 0 15-14 A-78 0.0
Collector diameter: 0. 01 m Venus
22. Laser radar 100.0 83.3 11.67 7.03 x 104 22-13 A-122 1.63 x 10-12
Nd YAG
Surface topography Venus
23. Bi -frequency radio occultation 1681.0 5.0 0.024 6.0 23-10 A-135 0.0
Antenna diameter: Venus
33.2 m; freq. No. 1
3. 9 m; freq. No. 2
Notes:
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Table 4. 2-1. 9. Sensor Family for 1977 Venus Orbit No. 9
O Imaging [] Non-imaging - Integrated sensor family
E'X Optimal D Marginal measurement requirements
Support Requirements
Tabulation
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
4. Microwave radiometer 508.0 75.0 3.2 1. 88 x 105 4-15 A-39 1. 18 x 10
-
2
Antenna diameter: 12. 6 m Venus
7 6
15. Filter radiometer 6.0 67.0 754.0 4. 8 x 107 15-15 A-79 1.80 x 10
-
6
Collector diameter: 0. 06 m Venus
22. Laser radar 100.0 83.3 11.67 2. 95 x 104 22-14 A-123 1. 13 x 10
-
12
Nd YAG
Surface topography Venus
23. Bi-frequency radio occultation 1681.0 5.0 68.6 6 x 103 23-11 A-136 1.87 x 10
-
3
Antenna diameter: Venus
33.2 m; freq. No. 1
3. 9 m; freq. No. 2
Notes:
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Table 4. 2-1. 9. Sensor Family for 1977 Venus Orbit No. 9 (Cont)
O Imaging
[ Optimal
[] Non-imaging 0 Integrated sensor family
[ Marginal measurement requirements
Support Requirements
TotalTabulation
Sensor Type and Mass Power Data Rate Data Tabul Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
4. Microwave radiometer-measuring 1. 0 5.0 2.6 x 1 0 .4 16. 0 4-15 A-39 0.0
Antenna diameter: 0. 074 m Venus
15. Filter radiometer 4. 8 67.0 3.7 x 10
-
3 232.0 15-15 A-79 0. 0
Collector diameter: 0. 01 m Venus
22. Laser radar 100.0 83.3 11.67 2.95x 104 22-14 -123 1.13x 10 1 2
Nd YAG
Surface topography Venus
23. Bi-frequency radio occultation 1681.0 5.0 0.023 6.0 23-11 A-136 0. 0
Antenna diameter: Venus
33. 2 m; freq. No. 1
3. 9 m; freq. No. 2
Notes:
0
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Table 4. 2-1. 10. Sensor Family for 1984 Mars Orbit No. 1
- Imaging
n[ Optimal
[ Non-imaging O Integrated sensor family
O Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
4. Microwave radiometer-measuring 5080 75.0 88.9 7. 82 x 105 4-16 A-40 3. 25 x 10 '
Antenna diameter: 12. 6 m Mars
9. Scintillation spectrometer Q9 2.0 100.0 8. 82 x 105 9-1 A-57 0.69
5 cm photomultiplier Mars
15. Filter radiometer 4.8 67.0 3. 59 3. 16 x 104 15-16 A-80 3. 16 x 104
Collector diameter: 0. 01 m Mars
22. Laser radar 97.98 32.0 11.67 1.03 x 104 22-15 A-124 1.05 x 10-11
Nd YAG
Surface topography Mars
23. Bi -frequency radio occultation 1681.0 5.0 20. 1 10 4 23-12 A-137 1.87 x 10 - 3
Antenna diameter: Mars
33.2 m; freq. No. 1
3. 9 m; freq. No. 2
Notes:
Z0)
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Table 4. 2-1. 10. Sensor Family for 1984 Mars Orbit No. 1 (Cont)
D Imaging
a Optimal
[ Non-imaging [] Integrated sensor family
' Marginal measurement requirements
Support Requirements
TotalTabulation
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
4. Microwave radiometer-measuring 1.0 5.0 0.06 531. 0 4-16 A-40 0.0
Antenna diameter: 0. 05 m Mars
9. Scintillation spectrometer 0.9 2.0 100.0 8. 82 x 105 9-1 A-57 0.69
5 cm photomultiplier
Surface composition Mars
15. Filter radiometer 48 67.0 0.022 20.0 15-16 A-80 0.0
Collector diameter: 0.01 m Mars
22. Laser radar 97.98 32.0 11.67 1. 03 x 104 22-15 A-124 1.05 x 10-11
Nd YAG
Surface topography Mars
23. Bi-frequency radio occultation 1681.0 5.0 0.02 10.0 23-12 A-137 0.0
Antenna diameter: Mars
33.2 m; freq. No. 1
3.9 m; freq. No. 2
Notes:
N
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Table 4. 2-1. 11. Sensor Family for 1984 Mars Orbit No. 8
0E Imaging E] Non-imaging ] Integrated sensor family
- Optimal D Marginal measurement requirements
Support Requirements
TotalTabulation
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
4. Microwave radiometer-measuring 508.0 75.0 16.5 4. 32 x 105 4-17 A-41 7.67 x 10
-
3
Antenna diameter: 12. 6 m Mars
9. Scintillation spectrometer 0. 9 2.0 100.0 2. 96 x 106 9-1 A-57 0.69
5 cm photomultiplier
Surface composition Mars
15. Filter radiometer 4.8 67.0 28.6 8. 46 x 105 15-17 A-81 1.81 x 10-6
Collector diameter: 0. 01 m Mars
22. Laser radar 243.7 197.9 11.67 3. 47 x 105 22-16 A-125 4.65 x 10 - 1 2
Nd YAG
Surface topography Mars
Notes:
I'
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Table 4. 2-1. 11. Sensor Family for 1984 Mars Orbit No. 8 (Cont)
a Imaging
[ Optimal
i[ Non-imaging O Integrated sensor family
[ Marginal measurement requirements
Support Requirements
Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
4. Microwave radiometer-measuring 1.0 5.0 3.3 x 10
- 3 93. 0 4-17 A-41 0.0
Antenna diameter: 0. 13 m Mars
9. Scintillation spectrometer 0.9 2.0 100.0 2. 96 x 106 9-1 A-57 0.69
5 cm photomultiplier
Surface composition Mars
15. Filter interferometer 4.8 67.0 2.6 x 10 - 3 79.0 15-17 A-81 0.0
Collector diameter: 0. 01 m Mars
22. Laser radar 243.7 197.9 11.67 3.47 x 105 22-16 A-125 4.65 x 10
- 1 2
Nd YAG
Surface topography Mars
ZC)0 '
Notes: _ .
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Table 4. 2-1. 12. Sensor Family for 1978 Jupiter Orbit No. 1
j Imaging [ Non-imaging [ Integrated sensor family
] Optimal E Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
4. Microwave radiometer-measuring 508. 0 75.0 3.5 4. 95 x 105 4-18 A-42 6. 24 x 10 5
Antenna diameter: 12. 6 m Jupiter
7. Flux-gate magnetometer 2. 1 6.0 1500.0 2. 13 x 108 7-1 A-54 1. 22
T riaxial Jupiter.
8. Helium magnetometer 3.4 10.0 40.0 5. 68 x 107 8-1 A-55 1. 22
Interior composition Jupiter
19. Michelson interferometer 1960.0 67.0 4360.0 6. 2 x 108 19-8 A-81 1.01 x 10 - 7
Collector diameter: 1. 0 m Jupiter (15-18) (A-81
21. Visible/UV spectrometer 166.9 4.2 1.76 x 104 1. 55 x 1010 21-8 A-107 6.84 x 10- 1 0
Collector diameter: 0. 5 m Jupiter
zO)
o o
>0
Notes: 3'
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Table 4. 2-1. 12. Sensor Family for 1978 Jupiter Orbit No. 1 (Cont)
[I Imaging
[ Optimal
M.% Non-imaging L- Integrated sensor family
F] Marginal measurement requirements
Support Requirements
Sensor Type and Tabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
4. Microwave radiometer-measuring 1.7 5. 0 8.8 x 10 125.0 4-18 A-42 0.0
Antenna diameter: 0. 69 m Jupiter
7. Flux-gate magnetometer 2. 1 6.0 1.5 2. 13 x 105 7-1 A-54 0.0
Triaxial Jupiter
Interior composition and motion
8. Helium magnetometer 3.4 10.0 40.0 5. 68 x 107 8-1 A-55 0. 0
Interior composition Jupiter
15. Filter radiometer 5.0 67.0 0.049 6940.0 15-18 A-82 0. 0
Collector diameter: Jupiter
21. Visible/UV spectrometer 2.12 4.2 0.12 1.06 x 104 21-8 A-107 0.0
Collector diameter: 0. 1 m Jupiter
Note s:
0o
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Table 4. 2-1. 13. Sensor Family for 1978 Jupiter Orbit No. 9
j Imaging [ Non-imaging - Integrated sensor family
[-2 Optimal El Marginal measurement requirements
Support Requirements
Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
4. Microwave radiometer-measuring 508.0 75.0 0. 90 1. 68 x 105 4-19 A-43 6. 02 x 10
Antenna diameter: 12. 6 m Jupiter
7. Flux-gate magnetometer 2.1 6.0 1500.0 3. 36 x 108 7-1 A-54 1.22
T riaxial Jupiter
Interior composition and motion
8. Helium magnetometer 3.4 10.0 40.0 8. 96 x 10 6 8-1 A-55 1.22
Interior composition Jupiter
19. Michelson interferometer 2070. 0 67.0 4450.0 9. 97 x 108 19-9 A-83 1.01 x 10 - 7
Collector diameter: 1. 0 m Jupiter (15-19 A-83
21. Visible/UV spectrometer 1215.0 4.2 1.6 x 104 6. 75 x 10 9 21-9 A-108 6. 84 x 10 1 0
Collector diameter: 1. 0 m Jupiter
Notes:
&I4p
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Table 4. 2-1. 13. Sensor Family for 1978 Jupiter Orbit No. 9 (Cont)
O Imaging
[ Optimal
[ Non-imaging r[ Integrated sensor family
[l Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
4. Microwave radiometer-measuring 6.5 5.0 1. 5 x 10 - 4 33.0 4-19 A-43 0.0
Antenna diameter: 1. 9 m Jupiter
7. Flux-gate magnetometer 2. 1 6.0 1. 5 3. 36 x 105 7-1 A-54 0.0
T riaxial
Interior composition and motion Jupiter
8. Helium magnetometer 3.4 10.0 40.0 8. 96 x 106 8-1 A-55 0. 0
Interior composition Jupiter
15. Filter radiometer 24.0 67. 0 0.014 3070.0 15-19 A-83 0.0
Collector diameter: 0. 17 m Jupiter
21. Visible/UV spectrometer 1.96 4.2 0.013 5. 37 x 103 21-9 A-108 0.0
Collector diameter: 0. 1 m Jupiter
Notes:
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Table 4. 2-1. 14. Sensor Family for 1978 Jupiter Orbit No. 11
D Imaging [ Non-imaging f] Integrated sensor family
l] Optimal O Marginal measurement requirements
Support Requirements
TotalTabulation
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
4. Microwave radiometer-measuring 508. 0 75.0 3. 2 7. 91 x 105 4-20 A-44 6. 23 x 10
-
5
Antenna diameter: 12. 6 m Jupiter
7. Flux-gate magnetometer 2. 1 6.0 1500.0 3. 71 x 108 7-1 A-54 1.22
T riaxial
Interior composition and motion Jupiter
8. Helium magnetometer 3.4 10.0 40.0 9. 92 x 106 8-1 A-55 1.22
Interior composition Jupiter
19. Michelson interferometer 1990. G 67.0 1390.0 3.45 x 108 19-10 A-84 1.01 x 10 7
Collector diameter: 1.0 m Jupiter (15-20) (A-84
21. Visible/UV spectrometer 193.0 4.2 9.65 x 103 1.29 x 109 21-10 A-109 1.37 x 10
- 9
Collector diameter: 0. 5 Jupiter
zcn
o
Notes: F 
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Table 4. 2-1. 14. Sensor Family for 1978 Jupiter Orbit No. 11 (Cont)
O Imaging
O Optimal
f[] Non-imaging F] Integrated sensor family
LX Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
4. Microwave radiometer-measuring 2.4 5.0 6.2 x 10-4 155.0 4-20 A-44 0. 0
Antenna diameter: 0. 95 m Jupiter
7. Flux-gate magnetometer 2. 1 6.0 1.5 3. 71 x 105 7-1 A-54 0.0
Triaxial Jupiter.
Interior composition and motion
8. Helium magnetometer 3.4 10.0 40.0 9. 92 x 106 8-1 A-55 0.0
Interior composition Jupiter
15. Filter radiometer 5.0 67.0 0.03 7500.0 15-20 A-84 0.0
Collector diameter: 0.028 m Jupiter
21. Visible/UV spectrometer 2.12 4.2 0.062 8. 33 x 103 21-10 A-109 0.0
Collector diameter: 0. 1 m Jupiter
Note s:
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4. 2. 2 Imaging Sensor Families
Families of imaging sensors for selected orbiter missions to the inner
planets and- Jupiter are described in Tables 4.2-2. 1 through 4.2-2. 9. The
requirements for these sensors, their operational characteristics, and their
support requirements are described in detail in Reference 3. The support
requirements data have been extracted from Reference 3 and are presented
in the Support Requirements Data Sheets (Appendix A) with conversion of
units as necessary to provide uniformity in the summary tabulations. Imaging
sensor designs were evaluated in Reference 3 only for the optimal observa-
tional requirements. Therefore, imaging sensor families for the orbiter
missions are described here only for this level. These imaging sensor
families are developed for the missions noted below.
Mission Table
1984 Mercury Orbit No. 1 4. 2-2. 1
1984 Mercury Orbit No. 10 4. 2-2. 2
1977 Venus Orbit No. 1 4. 2-2. 3
1977 Venus Orbit No. 9 4. 2-2. 4
1984 Mars Orbit No. 1 4. 2-2. 5
1984 Mars Orbit No. 8 4. 2-2. 6
1978 Jupiter Orbit No. 1 4. 2-2. 7
1978 Jupiter Orbit No. 9 4. 2-2. 8
1978 Jupiter Orbit No. 11 4. 2-2. 9
In Reference 3, imaging sensor families were developed on the basis of
orbital inclination as well as the periapsis altitude and eccentricity which
correspond to orbit type numbers. In Tables 4. 2-2. 1 to 4.2-2. 9, inclination
was ignored, but the non-imaging sensors designed for these orbits
(Tables 4. 2- 1. 6 to 4. 2-1. 14) are based on the inclinations given in Table 3-5.
It is possible to select an imaging sensor family for a single orbit size and
inclination from Reference 3, and design non-imaging sensors for this incli-
nation. However, the non-imaging sensor support requirements generally
depend little on orbital inclination. Therefore, the procedure followed in
this study results in nearly the same sensor designs as those based on
matching of orbital inclinations.
4-51
SD 70-375-1
Table 4. 2-2. 1 Sensor Family for 1984 Mercury Orbit No. 1
i-] Imaging
i Optimal
[ Non-imaging E Integrated sensor family
[ Marginal measurement requirements
Support Requirements
Tabulation TotalSensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
1. Television System
11.43 cm RBV
Topography; figure Mercury 86..3 87.0 5.4 x 107 1-5 A-6
2. Camera System
Film size: 24. 13 cm.
Topography; figure Mercury 272.4 110 1.2 x 10 8 2-1 A-15
3. Passive Microwave Imaging System
Antenna diameter: 6. 4 m
Surface composition Mercury 217.5 100 2.1 x 103 3-5 A-22
5. Synthetic Aperture Radar
Antenna shape: 4. 8 m. x 10. 1 m.
Surface roughness Mercury 290.6 3300 3.3 x 10 7 5-5 A-49
6. Non-coherent Radar System
Antenna shape: 45.7 m. x 0. 21 m.
Surface roughness Mercury 87.2 110 3.6 x 103 6-1 A-S1
Notes:
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Table 4. 2-2. 1 Sensor Family for 1984 Mercury Orbit No. 1 (Cont)
3] Imaging E Non-imaging :- Integrated sensor family
El Optimal O Marginal measurement requirements
Support Requirements
TotalTabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
16. Infrared Scanning System
Collector diameter: 30 cm.
Surface temperature Mercury 34.96 4.0 1.1 x 106 16-5 A-89
18. Ultraviolet Scanning System
Collector diameter: 26 cm.
Atmospheric and surface Mercury 23. 15 1.0 1.3 x 106 18-1 A-95
compos ition
Notes:
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Table 4. 2-2. 1 Sensor Family for 1984 Mercury Orbit No. 1 (Cont)
fX Imaging
[ Optimal
O Non-imaging a- Integrated sensor family
] Marginal measurement requirements
Support Requirements
Tabulation TotalSensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
1. Television System
1.27 cm Vidicon
Topography; figure Mercury 3.6 8. 0 3.9 x 103 1-5 A-6
2. Camera System
Film size: 70 mm.
Topography, figure Mercury 28.6 36 2.5 x 106 2-1 A-15
3. Passive Microwave Imaging System
Antenna size: 6.4 m.
Surface composition Mercury 217.5 100 2.1 x 103 3-5 A-22
5. Synthetic Aperture Radar System
Antenna shape: 10. 1 m. x 1. 0 m.
Surface roughness Mercury 145.2 1300 9.6 x 105 5-5 A-49
6. Non-coherent Radar System
Antenna shape: 6. 86 m. x 0.21 m.
Surface roughness Mercury 70.4 120 760 6-1 A-51
Notes:
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Table 4. Z-2. 1 Sensor Family for 1984 Mercury Orbit No. 1 (Cont)
M Imaging
n] Optimal
L] Non-imaging [ Integrated sensor family
' Marginal measurement requirements
Support Requirements
TotalTabulation
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
16. Infrared Scanning System
Collector diameter: 1 cm.
Surface temperature Mercury .91 4.0 1.1 x 104 16-5 A-89
18. Ultraviolet Scanning System
Collector diameter: 0. 24 m.
Atmospheric and surface Mercury 1.0 1.0 1.1 x 104 18-1 A-95
c ompos ition
Notes:
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Table 4. 2-2. 2 Sensor Family for 1984 Mercury Orbit No. 10
E Imaging - Non-imaging [ Integrated sensor family
Q Optimal O Marginal measurement requirements
Support Requirements
Tabulation
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
1. Television System
5.08 cm. RBV
Topography; figure Mercury 14.5 32 1.1 x 106 1-6 A-7
16. Infrared Scanning System
Collector diameter: 4 cm.
Surface temperature Mercury 5.0 7.0 1.2 x 104 16-6 A-99
18. Ultraviolet Scanning System
Collector diameter: 1. 7 cm.
Atmospheric and surface Mercury 1.04 1.0 1.7 x 105 18-2 A-96
composition
Notes:
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Table 4. 2-2. 3 Sensor Family for 1977 Venus Orbit No. 1
i Imaging [ Non-imaging E] Integrated sensor family
- Optimal [ Marginal measurement requirements
Support Requirements
TotalTabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
1. Television System
3. 81 cm. Vidicon
Cloud structure Venus 10.9 24.0 1.3 x 104 1-7 A-18
3. Passive Microwave Imaging System
Antenna diameter: 0. 61 m.
Cloud temperature Venus 16. 8 72 440 3-6 A-23
5. Synthetic Aperture Radar System
Antenna shape: 0. 34 m. x 100.7 m
Surface roughness Venus 308.7 5.4x 7. 1 x 108 5-6 A-50
10
6. Non-coherent Radar System
Antenna shape: 67. 1 m. x 0. 20 m.
Surface roughness Venus 136.2 540 6.3 x 10 4 6-2 A-52
16. Infrared Scanning System
Collector diameter: 5. 3 cm.
Atmospheric temperature Venus 3.18 3.0 1.4 x 104 16-7 A-91
18. Ultraviolet Scanning System
Collector diameter: 0. 3 cm.
Atmospheric composition Venus 1.0 1.0 3 x 104 18-3 A-97
Notes:
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Table 4. 2-2. 4 Sensor Family for 1977 Venus Orbit No. 9
[ Imaging E Non-imaging [ Integrated sensor family
]Optimal O Marginal measurement requirements
Support Requirements
Tabulation TotalSensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
1. Television System
5.08 cm RBV
Cloud structure Venus 14.5 32 7.2 x 105 1-8 A-9
16. Infrared Scanning System
Collector diameter: 2.8 cm.
Atmospheric temperature Venus 1.68 2. 1 8.2 x 103 16-8 A-92
18. Ultraviolet Scanning System
Collector diameter; 4. 6 cm.
Atmospheric composition Venus 1. 36 1.0 7.6 x 105 18-4 A-98
Notes:
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Table 4. 2-2. 5 Sensor Family for .1984 Mars Orbit No. 1
El Imaging O Non-imaging ] Integrated sensor family
VI Optimal O Marginal measurement requirements
Support Requirements
TotalTabulation
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
1. Television System
5.08 cm. RBV
Topography; figure Mars 14.5 32 3.8 x 105 1-9 A-10
2. Camera System
Film size: 70mm
Topography; figure Mars 11.35 36 6.9 x 105 2-2 A-16
3. Passive Microwave Imaging System
Antenna size: 10. 1 m.
Surface composition Mars 47. 1 110 1.4 x 103 3-7 A-24
6. Non-coherent Radar System
Antenna shape: 58. 0 m x 0. 37 m.
Surface roughness Mars 172.5 140 2.2 x 104 6-3 A- 53
Note s:
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Table 4. 2-2. 5 Sensor Family for 1984 Mars Orbit No. 1 (Cont)
O Imaging ] Non-imaging [ Integrated sensor family
E Optimal a Marginal measurement requirements
Support Requirements
Tabulation
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
16. Infrared Scanning System
Collector diameter: 6. 3 cm.
Atmospheric and surface
temperature Mars 2.6 1.5 3250 16-9 A-93
18. Ultraviolet Scanning System
Collector diameter: 0. 07 cm.
Atmospheric composition Mars 1.0 1.0 430 18-5 A-99
z)C
_.
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Table 4. 2-2. 6 Sensor Family for 1984 Mars Orbit No. 8
i Imaging [] Non-imaging [ Integrated sensor family
[ Optimal O Marginal measurement requirements
Support Requirements
TotalTabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
1. Television System
5.08 cm. RBV
Topography; figure Mars 163.4 47 2.4 x 108 1-10 A-11
2. Camera System
Film size: 24. 13 cm.
Topography; figure Mars 263.3 280 1.2 x 109 2-3 A-17
Notes:
a
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Table 4. 2-2. 7 Sensor Family for 1978 Jupiter Orbit No. 1
] Imaging
E Optimal
D Non-imaging O Integrated sensor family
EJ Marginal measurement requirements
Support Requirements
TotalTabulation TotalSensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
1. Television System
5. 08 cm. RBV
Cloud structure and motion; figure Jupiter 127. 1 32 3.8 x 105 1-11 A-12
Notes:
',
l
z )
53.o '
CD 
o
Table 4. 2-2. 8 Sensor Family for 1978 Jupiter Orbit No. 9
iJ Imaging ] Non-imaging F Integrated sensor family
QXj] Optimal a Marginal measurement requirements
Support Requirements
Tabulation
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
1. Television System
5.08 cm. RBV
Cloud structure and motion; figure Jupiter 20.4 32 3.8 x 105 1-12 A-13
16. Infrared Scanning System
Collector diameter: 82 cm
Atmospheric temperature Jupiter 726.4 28 1.2 x 106 16-1(A-94
04
Notes: O 
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Table 4. 2-2. 9 Sensor Family for Jupiter Orbit No. 11 (Cont)
~j Imaging [ Non-imaging ] Integrated sensor family
E Optimal a Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
1. Television System
5.08 cm. RBV
Cloud structure and motion; figure Jupiter 25 32 3.8 x 105 1-13 A-14
Notes:
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4. 2. 3 Integrated Sensor Families
Integrated imaging and non-imaging sensor families for missions to
the inner planets and Jupiter are described in Tables 4. 2-3. 1 through
4. 2-3. 14. The pertinent data for each non-imaging and each imaging sensor
family are presented in paragraphs 4. 2. 1 and 4. 2. 2, and the pertinent tables
are referenced in each instance. Integrated sensor families are developed
for the families noted below.
Mission
1984
1980
1982
1976
1978
1984
1984
1977
1977
1984
1984
1978
1978
1978
Earth-M er cury
Earth-Venus
Earth-Venus -Mercury
Earth-Jupiter- Saturn
Earth-Jupiter- Saturn-Pluto*
Mercury orbit No. 1
Mercury orbit No. 10
Venus orbit No. 1
Venus orbit No. 9
Mars orbit No. 1
Mars orbit No. 8
Jupiter orbit No. 1
Jupiter orbit No. 9
Jupiter orbit No. 11
T able
4. 2-3. 1
4. 2-3. 2
4. 2-3. 3
4. 2-3.4
4. 2-3. 5
4. 2-3. 6
4. 2-3. 7
4. 2-3. 8
4. 2-3. 9
4.2-3. 10
4. 2-3. 11
4. 2-3. 12
4.2-3. 13
4. 2-3. 14
*Pluto not within scope of study
For each of these missions, the sensor data for imaging and non-imaging
sensors have been developed and tabulated previously. To avoid duplication,
the summarized data are not repeated again; reference is given to the
original summary table in each instance.
4-65
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Table 4. 2-3. 1. Integrated Sensor Family for 1984
Earth-Mercury Mission No. 2
Number Sensor Type
OPTIMAL MEASUREMENT REQUIREMENTS
4. Microwave radiometer - measuring
7. Flux-gate magnetometer
8. Helium magnetometer
9. Scintillation spectrometer
11. Electrostatic or Faraday Cup analyzer
12. Geiger-Mueller counter array
13. Proportional counter array
15. Filter radiometer
22. Laser radar
26. Solid-state telescope
27. Li 6 I spectrometer
28. Curved plate plasma spectrometer
MARGINAL MEASUREMENT REQUIREMENTS
4. Microwave radiometer - measuring
7. Flux-gate magnetometer
8. Helium magnetometer
9. Scintillation spectrometer
11. Electrostatic or Faraday Cup analyzer
12. Geiger-Mueller counter array
13. Proportional counter array
15. Filter radiometer
22. Laser radar
26. Solid-state telescope
27. Li 6 I spectrometer
28. Curved plate plasma spectrometer
Note: Sensor data for non-imaging sensors given in Table 4. 2-1. 1;
imaging sensors for this mission not within scope of study.
4-66
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Table 4. 2-3. 2. Integrated Sensor Family for 1980
Earth-Venus Mission No. 3
Number F Sensor Type
OPTIMAL MEASUREMENT REQUIREMENTS
4. Microwave radiometer - measuring
15. Filter radiometer
21. Visible/UV spectrometer
23. Bi-frequency radio occultation
MARGINAL MEASUREMENT REQUIREMENTS
4. Microwave radiometer - measuring
15. Filter radiometer
21. Visible/UV spectrometer
23. Bi-frequency radio occultation
Note: Sensor data for non-imaging sensors given in Table 4. 2-1. 2;
imaging sensors for this mission not within scope of study.
4-67
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Table 4. 2-3. 3. Integrated Sensor Family for 1982
Earth-Venus-Mercury Mission No. 6
Number Sensor Type
OPTIMAL MEASUREMENT REQUIREMENTS
4. Microwave radiometer - measuring
7. Flux-gate magnetometer
8. Helium magnetometer
9. Scintillation spectrometer
11. Electrostatic or Faraday Cup analyzer
12. Geiger-Mueller counter array
13. Proportional counter array
15. Filter radiometer
22. Laser radar
23. Bi-frequency radio occultation
26. Solid state telescope
27. Li6I spectrometer
28. Curved plate plasma spectrometer
MARGINAL MEASUREMENT REQUIREMENTS
4. Microwave radiometer - measuring
7. Flux-gate magnetometer
8. Helium magnetometer
9. Scintillation spectrometer
11. Electrostatic or Faraday Cup analyzer
12. Geiger-Mueller counter array
13. Proportional counter array
15. Filter radiometer
22. Laser radar
23. Bi-frequency radio occultation
26. Solid state telescope
27. Li 6 I spectrometer
28. Curved plate plasma spectrometer
Note: Sensor data for non-imaging sensors given in Table 4. 2-1. 3;
imaging sensors for this mission not within scope of study.
4-68
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Table 4. 2-3. 4. Integrated Sensor Family for 1976
Earth-Jupiter-Saturn Mission No. 7
Number Sensor Type
OPTIMAL MEASUREMENT REQUIREMENTS
1. Television camera
3. Microwave radiometer - mapping (a)
4. Microwave radiometer - measuring (a)
5. Synthetic aperture radar (a*)
7. Flux-gate magnetometer (a)
8. Helium magnetometer (a)
16. Far IR radiometer
19. Michelson interferometer (b)
21. Visible/UV spectrometer
22. Laser radar (b*)
23. Bi-frequency radio occultation
MARGINAL MEASUREMENT REQUIREMENTS
1. Television camera
3. Microwave radiometer - mapping (a)
4. Microwave radiometer - measuring (a)
5. Synthetic aperture radar (a*)
7. Flux-gate magnetometer (a)
8. Helium magnetometer (a)
15. Filter radiometer (b)
21. Visible/UV spectrometer
22. Laser radar (b*)
23. Bi-frequency radio occultation
(a) Operational incompatibility caused by (a*)
(b) Operational incompatibility caused by (b*)
Note: Sensor data for non-imaging sensors given in Table 4. 2-1. 4;
imaging sensor data given in Table 4. 3-1. 1.
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Table 4. 2-3. 5. Integrated Sensor Family for 1978
Earth-Jupiter-Saturn-Pluto* Mission No. 12
Number Sensor Type
OPTIMAL MEASUREMENT REQUIREMENTS
1. Television camera
3. Microwave radiometer - mapping (a)
4. Microwave radiometer - measuring (a)
5. Synthetic aperture radar (a*)
7. Flux-gate magnetometer (a)
8. Helium magnetometer (a)
16. Far IR radiometer
19. Michelson interferometer (b)
21. Visible/UV spectrometer
22. Laser radar (b*)
23. Bi-frequency radio occultation
MARGINAL MEASUREMENT REQUIREMENTS
1. Television camera
3. Microwave radiometer - mapping (a)
4. Microwave radiometer - measuring (a)
5. Synthetic aperture radar (a*)
7. Flux-gate magnetometer (a)
8. Helium magnetometer (a)
15. Filter radiometer
16. Far IR radiometer (b)
21. Visible/UV spectrometer
22. Laser radar (b*)
23. Bi-frequency radio occultation
*Pluto not within scope of study.
(a) Operational incompatibility caused by (a*)
(b) Operational incompatibility caused by (b*)
Note: Sensor data for non-imaging sensors given in Table 4. 2-1. 5;
data for imaging sensors in Table 4. 3-1. 3.
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Table 4.2-3.6. Integrated Sensor Family for 1984
Mercury Orbit No. 1
Number I Sensor Type
OPTIMAL MEASUREMENT REQUIREMENTS
1. Television system
2. Camera system
3. Passive microwave imaging system (a)
4. Microwave radiometer - measuring (a)
5. Synthetic aperture radar (a*)
6. Non-coherent radar system (a*)
7. Flux-gate magnetometer (a)
8. Helium magnetometer (a)
9. I Scintillation spectrometer
11. Electrostatic or Faraday Cup analyzer
12. Geiger-Mueller counter array
13. I Proportional counter array
15. i Filter radiometer (b)
16. Infrared scanning system (b)
18. Ultraviolet scanning system
22. Laser radar (b*)
23. Bi-frequency radio occultation
26. Solid-state telescope
27. Li 6 I spectrometer
28. Curved-plate plasma spectrometer
(a) Operational incompatibility caused by (a*)
(b) Operational incompatibility caused by (b*)
Note: Sensor data for non-imaging sensors given in
Table 4. 2-1. 6; data for imaging sensors given in
Table 4. 2-2.1.
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Table 4. 2-3. 7. Integrated Sensor Family for 1984
Mercury Orbit No. 10
Number Sensor Type
OPTIMAL MEASUREMENT REQUIREMENTS
1. Television system
4. Microwave radiometer - measuring
7. Flux-gate magnetometer
8. Helium magnetometer
9. Scintillation spectrometer
11. Electrostatic or Faraday Cup analyzer
12. Geiger-Mueller counter array
13. Proportional counter array
15. Filter radiometer (a)
16. Infrared scanning system (a)
18. Ultraviolet scanning system
22. Laser radar (a*)
26. Solid-state telescope
27. Li 6 I spectrometer
28. Curved-plate plasma spectrometer
(a) Operational incompatibility caused by (a*)
Note: Sensor data for non-imaging sensors given in
Table 4. 2-1.7; data for imaging sensors given in
Table 4. 2-2. 2.
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Table 4. 2-3. 8. Integrated Sensor Family for 1977
Venus Orbit No. 1
Number Sensor Type
OPTIMAL MEASUREMENT REQUIREMENTS
1. Television system
3. Passive microwave imaging system (a)
4. Microwave radiometer - measuring (a)
5. Synthetic aperture radar system (a*)
6. Non-coherent radar system (a*)
15. Filter radiometer (b)
16. Infrared scanning system (b)
18. Ultraviolet scanning system
22. Laser radar (b*)
23. Bi-frequency radio occultation
(a) Operational incompatibility caused by (a*)
(b) Operational incompatibility caused by (b*)
Note: Sensor data for non-imaging sensors given in
Table 4.2-1.8; data for imaging sensors given in
Table 4. 2-2. 3.
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Table 4. 2-3. 9. Integrated Sensor Family for 1977
Venus Orbit No. 9
Number Sensor Type
OPTIMAL MEASUREMENT REQUIREMENTS
1. Television system
4. Microwave radiometer - measuring
15. Filter radiometer (a)
16. Infrared scanning system (a)
18. Ultraviolet scanning system
22. Laser radar (a*)
23. Bi-frequency radio occultation
(a) Operational incompatibility caused by (a*)
Note: Sensor data for non-imaging sensors given in
Table 4. 2-1. 9; data for imaging sensors given in
Table 4. 2-2. 4.
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Table 4. 2-3. 10. Integrated Sensor Family for 1984
Mars Orbit No. 1
Number Sensor Type
OPTIMAL MEASUREMENT REQUIREMENTS
1. Television system
2. Camera system
3. Passive microwave imaging system (a)
4. Microwave radiometer - measuring (a)
6. Non-coherent radar system (a*)
9. Scintillation spectrometer
15. Filter radiometer (b)
16. Infrared scanning system (b)
18. Ultraviolet scanning system
22. Laser radar (b*)
23. Bi-frequency radio occultation
(a) Operational incompatibility caused by (a*)
(b) Operational incompatibility caused by (b*)
Note: Sensor data for non-imaging sensors given in
Table 4. 2-1. 10; data for imaging sensors given in
Table 4. 2-2. 5.
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Table 4. 2-3. 11. Integrated Sensor Family for 1984
Mars Orbit No. 8
Number Sensor Type
OPTIMAL MEASUREMENT REQUIREMENTS
1. Television system
2. Camera system
4. Microwave radiometer - measuring
9. Scintillation spectrometer
15. Filter radiometer (a)
22. Laser radar (a*)
(a) Operational incompatibility caused by (a*)
Note: Sensor data for non-imaging sensors given in
Table 4. 2-1. 11; data for imaging sensors given in
Table 4. 2-2. 6.
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Table 4. 2-3. 12. Integrated Sensor Family for 1978
Jupiter Orbit No. 1
Number Sensor Type
OPTIMAL MEASUREMENT REQUIREMENTS
1. Television system
4. Microwave radiometer - measuring
7. Flux-gate magnetometer
8. Helium magnetometer
1 9. Michelson interferometer
21. Visible/UV spectrometer
Note: Sensor data for non-imaging sensors given in
Table 4. 2-1. 12; data for imaging sensors given in
Table 4. 2-2. 7.
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Table 4. 2-3. 13. Integrated Sensor Family for 1978
Jupiter Orbit No. 9
Number ] Sensor Type
OPTIMAL MEASUREMENT REQUIREMENTS
1. Television system
4. Microwave radiometer - measuring
7. Flux-gate magnetometer
8. Helium magnetometer
1 6. Infrared scanning system
19. Michelson interferometer
21. Visible/UV spectrometer
Note: Sensor data for non-imaging sensors given in
Table 4. 2-1. 13; data for imaging sensors given in
Table 4. 2-2. 8.
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Table 4. 2-3. 14. Integrated Sensor Family for 1978
Jupiter Orbit No. 11
4-79
SD 70-375-1
Number Sensor Type
OPTIMAL MEASUREMENT REQUIREMENTS
1. Television system
4. Microwave radiometer - measuring
7. Flux-gate magnetometer
8. Helium magnetometer
19. Michelson interferometer
21. Visible/UV spectrometer
Note: Sensor data for non-imaging sensors given in
Table 4. 2-2. 9.
Space Division9 North Amencan Rockwell
4. 3 SENSOR FAMILIES FOR OUTER PLANETS
4. 3. 1 Imaging Sensor Families
Compatible families of imaging sensors for missions to the outer
planets, including Jupiter, are described in Tables 4. 3-1. 1 through 4. 3-1. 3,
and 4. 2-2. 7 through 4. 2-2. 9. The imaging sensors for the flyby missions
are developed from the present effort; the imaging sensors for the Jupiter
orbit missions are developed from Reference 3, and apply only to optimal
measurement requirements. These imaging sensor families are developed
for the missions noted below and are described in the tables as indicated.
Mission Table
1976 Earth-Jupiter-Saturn 4. 3-1. 1
1978 Earth-Jupiter*t-Uranus-Neptune 4. 3-1. 2
1978 Earth-Jupiter-Saturn-Pluto"* 4. 3-1. 3
1978 Jupiter orbit No. 1 4. 2-2. 7
1978 Jupiter orbit No. 9 4.2-2. 8
1978 Jupiter orbit No. 11 4. 2-2. 9
':-Encounter not within scope of study
Note that the imaging sensor families for the orbit missions to Jupiter have
been described previously in Section 4. 2. 2. The tables pertinent to these
families are not repeated here but are referenced in the above listing.
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Table 4. 3-1. 1. Sensor Family for 1976 Earth-Jupiter*-
Saturn Mission No. 7
iE Imaging
El Optimal
D Non-imaging ] Integrated sensor family
O Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
1. Television Camera
Vidicon; Tube diameter: 9. 1 cm 7 11 5
Cloud structure and motion; Saturn 193.5 57.3 1.07 x 10 2. 43 x 10 1-1 A-Z 7.95 x 10
figure; ring structure
3. Microwave Radiometer - Mapping
Antenna diameter: 5.0 m.
Cloud structure and Saturn 116.6 51.5 1Z1. 9 5. 7 x 10 3-1 A-18 6. 7 x 101
temperature
5. Synthetic Aperture Radar
Antenna shape: 38.7 x 103.6 m. 6 9 -17
Cloud structure Saturn 1.82 x 7.64 x 2.45 x 10 12 x 10 5-1 A-45 8.37 x 10
104 104
16. Far IR Radiometer
Collector diameter: 1 cm
Atmospheric temperature Saturn 33.96 10.0 6.0 1.48 x 10 16-1 A-85 2.26 x 10- 9
Notes: *Imaging sensors for Jupiter encounter not within scope of study
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Table 4. 3-1. 1. Sensor Family for 1976 Earth-Jupiter*-
Saturn Mission No. 7 (Cont)
NM Imaging
[] Optimal
a[ Non-imaging F Integrated sensor family
]X Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
1. Television Camera
Vidicon; Tube diameter:
0.91 cm
Cloud structure and motion; Saturn 2. 61 5.73 700 7 x 10 1-1 A-2 0. 0
figure; ring structure
3. Microwave Radiometer - Mapping
Antenna diameter: 1.3 x 10-1 m.
Cloud structure and Saturn 1. 1 5.0 0.029 9.22 3-1 A-18 0. 0
temperature
5. Synthetic Aperture Radar
Antenna shape: 2. 12 x 8.68 m. -2
Cloud structure Saturn 97.14 205.9 1.27 x 10 6.23 x 10 5-1 A-45 0. 0
16. Far IR Radiometer
Collector diameter: 1 cm 3
Atmospheric temperature Saturn 3.14 6.0 0. 118 3.73 x 10 16-1 A-85 0.0
Notes: *Imaging sensors for Jupiter encounter not within scope of study
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Table 4.3-1. 2. Sensor Family for 1978 Earth-Jupiter*-Uranus-
Neptune Mission No. 9
E Imaging [ Non-imaging ai Integrated sensor family
Optimal Marginal measurement requirements
Support Requirements
TotalTabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
1. Television Camera 8 12
Vidicon; Tube diameter: 9. 1 cm Uranus 189 72. 3 1. 5 x 10 3.6 x 10 1-2 A-3 6. 1 x 10 - 5
Cloud structure and motion;
figure Neptune 188.2 72.3 2.9 x 10 6.24 x 10 1-3 A-4 2. 54 x 10 5
3. Microwave Radiometer - Mapping
Antenna diameter: 5.0 m. Uranus 114.2 50.9 188.7 5.65 x 10 3-2 A-19 4.68 x 10
Cloud structure and
temperature Neptune 129 54.5 213.7 2. 26 x 10 3-3 A-20 1.9 x 10
5. Synthetic Aperture Radar 6 9 5
Antenna shape: 105.5 x 96.34 m. Uranus 4.5 x 5.8 x 5.05 x 10 23. 2 x 10 5-2 A-46 1.51 x 10
Cloud structure 104 103
Neptune 1. 3 x 6. 7 x 6.6 x 106 14. 3 x 10 5-3 A-47 3. 56 x 10
104 103
16. Far IR Radiometer
Collector diameter: 1. 0 cm Uranus 33.96 10. 0 6.07 2. 37 x 10 16-2 A-86 1. 92 x 10
Atmospheric temperature 5 -8
Neptune 33.96 10.0 17.65 5.24 x 10 16-3 A-87 3. 15 x 10
Notes: *Jupiter encounter on this mission not within scope of study
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Table 4. 3-1. 2.
E Imaging
E Optimal
Sensor Family for 1978 Earth-Jupiter*-Uranus-
Neptune Mission No. 9 (Cont)
13 Non-imaging O Integrated sensor family
F- Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
1. Television Camera
Vidicon; Tube diameter: 0.91 cm Uranus 2.61 5.73 700 7 x 10 1-2 A-3 0.0
Cloud structure and motion; 5
figure Neptune 2.61 5.73 700 7 x 10 1-3 A-4 0, 0
3. Microwave Radiometer - Mapping
Antenna diameter: 0. 026 m. Uranus 1.0 5. 0 4. 34 x 13.0 3-2 A-19 0.0
Cloud structure and 10- 3
temperature
Neptune 1.0 5.0 2.07 x 23.6 3-3 A-20 0. 0
10-3
5. Synthetic Aperture Radar -2
Antenna shape: 7. 5 x 3. 07 m. Uranus 300 34. 1 4. 45 x 20. 5 x 10 5-2 A-46 0. 0
Cloud structure 10 - 5
Neptune 79.5 27.2 5. 14 x 11. 1 x 10 5-3 A-47 0.0
10-5
16. Far IR Radiometer 2
Collector diameter: 1.0 cm. Uranus 3.14 6.0 0.02 7.8 x 10 16-2 A-86 0. 0
Atmospheric temperature Z
Neptune 3.14 6. 0 0.029 8. 7 x 10 16-3 A87 0.
Notes: *Jupiter encounter on this mission not within scope of study
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Table 4.3-1. 3. Sensor Family for 1977 Earth-Jupiter*-Saturn-
Pluto** Mission No. 12
[ Imaging O Non-imaging O Integrated sensor family
I] Optimal O Marginal measurement requirements
Support Requirements
T abulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
1. Television Camera
Vidicon; Tube diameter: 9. 1 cm 6 10
Cloud structure and motion; Saturn 193.7 57.3 1.91 x 10 15.8 x 10 1-4 A-5 1.69 x 10
figure; ring structure
3. Microwave Radiometer - Mapping
Antenna diameter: 12.5 m.
Cloud structure and Saturn 543.2 79.6 80.6 13. 4x 10 3-4 A-21 9.66 x 10
temperature
5. Synthetic Aperture Radar
Antenna shape: 72.61 x 95.36 m. 6
Cloud structure Saturn 6. 8 x 5. 75 x 2.2 x 10 14 x 109 5-4 A-48 2. 39 x 10
1
7
104 105
16. Far IR Radiometer
Collector diameter: 5.3 cm. 6
Atmospheric temperature Saturn 34.7 10. 0 6.06 1. 5 x 10 16-4 A-88 9 x 10
-
Notes: *Imaging sensors for Jupiter on this mission not within scope of study
**Pluto encounter not within scope of study
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Table 4. 3-1.3. Sensor Family for 1977 Earth-Jupiter*-Saturn-
Pluto** Mission No. 12 (Cont)
[]l Imaging
[ Optimal
D Non-imaging E Integrated sensor family
[ Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
1. Television Camera
Vidicon; Tube diameter: 0.91 cm
Cloud structure and motion; Saturn 2.61 5.73 700 7 x 10 1-4 A-5 0.0
figure; ring structure
3. Microwave Radiometer - Mapping
Antenna diameter: 0.64 m. 3
Cloud structure and Saturn 3.46 5. 0 0. 046 5. 7 x 10 3-4 A-21 0.0
temperature
5. Synthetic Aperture Radar
Antenna shape: 62. 4 x 72. 5 m.
Cloud structure Saturn 2. 03 x 6. 26 1. 93 x 1. 22 5-4 A-48 0. 0
104 10-4
16. Far IR Radiometer
Collector diameter: 1.0 cm. 3
Atmospheric temperature Saturn 3.14 6.0 0.071 3.86 x 10 16-4 A-88 0.0
Notes: *Imaging sensors for Jupiter on this mission not within scope of study
**Pluto encounter not within scope of study
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4. 3. 2 Non-Imaging Sensor Families
Compatible families of non-imaging sensors for flyby and orbit
missions to the outer planets, including Jupiter, are described for the
missions listed below in the tables as indicated. As missions to and
including Jupiter have been described previously, the descriptive tables
are not repeated here but are referenced as pertinent.
Mission
1976 Earth-Jupiter-Saturn
1978 Earth-Jupiter*-Uranus- Neptune
1978 Earth-Jupiter-Saturn-Pluto**'
1978 Jupiter orbit No. 1
1978 Jupiter orbit No. 9
1978 Jupiter orbit No. 11
Table
4. 2-1. 4
4. 3-2. 1
4. 2-1. 5
4.2-1. 12
4. 2-1. 13
4.2-1. 14
'Jupiter encounter on this mission not within scope
of this study.
*"'Pluto not within scope of study.
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Table 4. 3-2. 1. Sensor Family for 1978 Earth-Jupiter*-Uranus-
Neptune Mission No. 9
L] Imaging
RX Optimal
[ Non-imaging - Integrated sensor family
[ Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
4. Microwave Radiometer - Measuring Uranus 132.8 49.8 1.24 7. 06 x 104 4-8 A-32 1.29 x 10 6
Antenna diameter: 6. 2 m
Cloud structure and composition Neptune 132.8 49.8 3.6 7. 56 x 10 4-9 A-33 8.48 x 10 - 1
7. Flux-Gate Magnetometer Uranus 2.1 6.0 1500 12. 1 x 10 7,2 A-56 1.22
Triaxial 10 (8-1) (A-56)
Interior composition and motion Neptune 2.1 6.0 1500 1. 77 x 10 7-2 A-56 1.22
(8-1) (A-56)
8. Helium Magnetometer Uranus 3.4 10.0 40 32. 4 x 10 8-2 A-56 1.22
Interior composition and motion 8 (8-1) (A-56)
Neptune 3.4 10. 0 40 4. 72 x 10 8-2 A-56 1.22
(8-1) (A-56)
19. Michelson Interferometer 3 7
Collector diameter: Uranus 2130 87 3.6 x 10 15.2 x 10 19-4 A-72 1.48 x 10 -
100 cm (Uranus) (15-8) (A-72)
103 cm (Neptune) Neptune 2130 87 4. 37 x 20 x 10 19-5 (A-73) 7.65 x 10 4
Atmospheric composition, 103 (15-9) (A-73)
pressure
Notes: *Jupiter encounter on this mission not within scope of study
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Table 4. 3-2. 1. Sensor Family for 1978 Earth-Jupiter*-Uranus-
Neptune Mission No. 9 (Cont)
E Imaging
-] Optimal
[M Non-imaging ] Integrated sensor family
a Marginal measurement requirements
Support Requirements
Tabulation
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
21. Visible/UV Spectrometer Uranus 820.4 4.2 1.49 x 104 3.66 x 108 21-4 A-103 7.9 x 10
Collector diameter: 1. 0 m
Atmospheric composition Neptune 820.4 4.2 1.62 x 10 3. 45 x 10 21-5 A-10 4.35 x 10
9
5 5
22. Laser Radar Uranus 312.1 324.7 11.67 10. 4 x 10 22-8 A-117 1. 13 x 1015
Nd YAG 5 -15
Aerosol size, distribution . Neptune 310.1 320.5 11.67 12. 1 x 10 22-9 A-118 2.26 x 10
23. Bi-Frequency Radio Occultation Uranus 1658 5.0 74. 76 14 x 103 23-6 A-131 1. 92 x 10
- 3
Antenna diameter: 33. 22 m
Ionosphere density; figure Neptune 1658 5.0 156.5 14 x 10 23-7 A-132 1.92 x 10 '
Notes: *Jupiter encounter on this mission not within scope of study
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Table 4. 3-2. 1. Sensor Family for 1978 Earth-Jupiter*-Uranus-
Neptune Mission No. 9 (Cont)
Z Imaging
El Optimal
XJ Non-imaging ] Integrated sensor family
[]i Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
-4
4. Microwave Radiometer - Measuring Uranus 1. 74 5. 0 6. 6 x 10 58. 8 4-8 A-32 0. 0
Antenna diameter: 0.7 m
Cloud structure, composition Neptune 1. 74 5.0 2 x 10 93. 4 4-9 A-33 0. 0
7. Flux-Gate Magnetometer Uranus 2. 1 6.0 1.5 12. 1 x 106 7-2 A-56 0. 0
Triaxial (8-1) (A-56)
Interior composition and motion Neptune 2. 1 6. 0 1. 5 1.8 x 10 7-2 A-56 0.0
7 (8-1) (A-56
8. Helium Magnetometer Uranus 3.4 10.0 40 32.4 x 10 8-2 A-56 0.0
Interior composition and motion 8 (8-1) (A-56)
Neptune 3. 4 10.0 40 4.8 x 10. 8-2 A-56 0.0
(8-1) A-56)
15. Filter Radiometer Uranus 2. 95 66. 5 2. 23 x 93.6 15-8 A-72 0.0
Collector diameter: 1.0 cm 10
- 3
Atmospheric composition,
pressure Neptune 2. 95 66. 5 4.69 x 216 15-9 A-73 0.0
10-3
21. Visible/UV Spectrometer Uranus 2. 12 4. 2 0.0507 50.7 21-4 A-103 0.0
Collector diameter: 10 cm
Atmospheric composition Neptune 2. 12 4.2 0. 0245 24.5 21-5 A-104 0.0
Notes: *Jupiter encounter on this mission not within scope of study
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Table 4. 3-2. 1. Sensor Family for 1978 Earth-Jupiter*-Uranus-
Neptune Mission No. 9 (Cont)
- Imaging
[] Optimal
[ Non-imaging D Integrated sensor family
E] Marginal measurement requirements
Support Requirements
Tabulation Total
Sensor Type and Mass Power Data Rate Data Sensor
Number Observational Purpose Planet (kg) (w) (bit/sec) (bit) Sheet Page Worth
22. Laser Radar Uranus 312.1 324.7 11.67 10.4 x 10 22-8 A-117 1. 13 x 10
Nd YAG 5
Aerosol size, distribution Neptune 310.1 320.5 11.67 12. 1 x 10 22-9 A-118 2.26 x 101
23. Bi-Frequency Radio Occultation Uranus 1658 5.0 0. 051 140 23-6 A-131 0.0
Antenna diameter: 33. 22 m
Ionosphere density; figure Neptune 1658 5.0 0.075 140 23-7 A-132 0.0
Notes: *Jupiter encounter on this mission not within scope of study
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4. 3. 3 Integrated Sensor Families
Integrated imaging and non-imaging sensor families for missions to
the outer planets, including Jupiter, are described in Tables 4. 3-3. 1
through 4. 3-3. 6. The imaging sensors for orbit missions to Jupiter are
derived from Reference 3, and apply only to optimal measurement require-
quirements. Other imaging sensors and all non-imaging sensors are
derived from the present study.
Mi s sion Table
1976 Earth-Jupiter-Saturn 4. 3-3. 1
1978 Earth-Jupiter*-Uranus-Neptune 4. 3-3. 2
1978 Earth-Jupiter-Saturn-Pluto* 4. 3-3. 3
1978 Jupiter orbit No. 1 4. 3-3. 4
1978 Jupiter orbit No. 9 4. 3-3. 5
1978 Jupiter orbit No. 11 4. 3-3. 6
*Encounter not within scope of study
For each of these missions, the sensor data for imaging and non-imaging
sensors have been developed and tabulated previously. To avoid repetition,
the summarized data are not repeated; reference is given to the original
summary table in each instance.
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Table 4. 3-3. 1. Integrated Sensor Family for 1976
Earth-Jupiter-Saturn Mission No. 7
Number | Sensor Type
OPTIMAL MEASUREMENT REQUIREMENTS
1. Television camera
3 Microwave radiometer - mapping (a)
4. Microwave radiometer - measuring (a)
5. Synthetic aperture radar (a*)
7. Flux-gate magnetometer (a)
8. Helium magnetometer (a)
16. Far IR radiometer
19. Michelson interferometer (b)
21. Visible/UV spectrometer
22. Laser radar (b*)
23. Bi-frequency radio occultation
MARGINAL MEASUREMENT REQUIREMENTS
1. Television camera
3. Microwave radiometer - mapping (a)
4. Microwave radiometer - measuring (a)
5. Synthetic aperture radar (a*)
7. Flux-gate magnetometer (a)
8. Helium magnetometer (a)
15. Filter radiometer (b)
16. Far IR radiometer
21. Visible/UV spectrometer
22. Laser radar (b*)
23. Bi-frequency radio occultation
(a) Operational incompatibility caused by (a*)
(b) Operational incompatibility caused by (b*)
Note: Sensor data for imaging sensors given in Table 4. 3-1. 1;
data for non-imaging sensors given in Table 4. 3-2. 1
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Table 4. 3-3. 2. Integrated Sensor Family for 1978
Earth-Jupiter*-Uranus-Neptune Mission No. 9
Number Sensor Type
OPTIMAL MEASUREMENT REQUIREMENTS
1. Television camera
3. Microwave radiometer - mapping (a)
4. Microwave radiometer - measuring (a)
5. Synthetic aperture radar (a*)
7. Flux-gate magnetometer (a)
8. Helium magnetometer (a)
16. Far IR radiometer
19. Michelson interferometer (b)
21. Visible/UV spectrometer
22. Laser radar (b*)
23. Bi-frequency radio occultation
MARGINAL MEASUREMENT REQUIREMENTS
1. Television camera
3. Microwave radiometer - mapping (a)
4. Microwave radiometer - measuring (a)
5. Synthetic aperture radar (a*)
7. Flux-gate magnetometer (a)
8. Helium magnetometer (a)
15. Filter radiometer (b)
16. Far IR radiometer
21. Visible/UV spectrometer
22. Laser radar (b*)
23. Bi-frequency radio occultation
(a) Operational incompatibility caused by (a*)
(b) Operational incompatibility caused by (b*)
Note: Sensor data for imaging sensors given in Table 4. 1-1. 2;
data for non-imaging sensors given in Table 4. 2-2. 2
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Table 4. 3-3. 3. Integrated Sensor Family for 1978
Earth-Jupiter-Saturn-Pluto* Mission No. 12
Number Sensor Type
OPTIMAL MEASUREMENT REQUIREMENTS
1. Television camera
3. Microwave radiometer - mapping (a)
4. Microwave radiometer - measuring (a)
5. Synthetic aperture radar (a*)
7. Flux-gate magnetometer (a)
8. Helium magnetometer (a)
16. Far IR radiometer
19. Michelson interferometer (b)
21. Visible/UV spectrometer
22. Laser radar (b*)
23. Bi-frequency radio occultation
MARGINAL MEASUREMENT REQUIREMENTS
1. Television camera
3. Microwave radiometer - mapping (a)
4. Microwave radiometer - measuring (a)
5. Synthetic aperture radar (a*)
7. Flux-gate magnetometer (a)
8. Helium magnetometer (a)
15. Filter radiometer (b)
16. Far IR radiometer
21. Visible/UV spectrometer
22. Laser radar (b*)
23. Bi-frequency radio occultation
*Pluto not within scope of study
(a) Operational incompatibility caused by (a*)
(b) Operational incompatibility caused by (b*)
Note: Sensor data for imaging sensors given in Table 4. 3-1. 3;
data for non-imaging sensors given in Table 4. 3-2. 3
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Table 4. 3-3. 4. Integrated Sensor Family for 1978 Jupiter Orbit No. 1
Number I Sensor Type
OPTIMAL MEASUREMENT REQUIREMENTS
1. Television system
4. Microwave radiometer - measuring
7. Flux-gate magnetometer
8. Helium magnetometer
19. Michelson interferometer
21. Visible/UV spectrometer
Note: Sensor data for imaging sensors given in Table 4. 2-2. 7;
data for non-imaging sensors given in Table 4. 2-1. 12
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Table 4. 3-3. 5. Integrated Sensor Family for 1978 Jupiter Orbit No. 9
Number Sensor Type
OPTIMAL MEASUREMENT REQUIREMENTS
1. Television system
4. Microwave radiometer - measuring
7. Flux-gate magnetometer
8. Helium magnetometer
16. Infrared scanning system
19. Michelson interferometer
21. Visible/UV spectrometer
Note: Sensor data for imaging sensors given in Table 4. 2-2. 8;
data for non-imaging sensors given in Table 4. 2-1. 13
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Table 4. 3-3. 6. Integrated Sensor Family for 1978 Jupiter Orbit No. 11
Number Sensor Type
OPTIMAL MEASUREMENT REQUIREMENTS
1. Television system
4. Microwave radiometer - measuring
7. Flux-gate magnetometer
8. Helium magnetometer
19. Michelson interferometer
21. Visible/UV spectrometer
Note: Sensor data for imaging sensors given in Table 4. 2-2. 9;
data for non-imaging sensors given in Table 4. 2-1. 14
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5.0 CONCLUSIONS AND RECOMMENDATIONS
5. 1 SIGNIFICANCE OF STUDY RESULTS
The Remote Sensor Studyhas proved significant in both the methodology
developed and in its specific results. The most important methods include
the synthetic sensor design techniques embodied in the scaling laws, the
calculation of trajectory segments on which sensors must be operated to
satisfy area coverage and spatial resolution requirements, and the quantita-
tive evaluation of sensor worth in terms of satisfaction of observation
requirements. Computer programs were developed which not only perform
numerical analyses but also document the top-down approach from planetary
exploration goals to sensor support requirements.
Study methodology and results have certain limitations whose recogni-
tion is essential to proper understanding and use of the study products. The
design procedure for any one sensor type is fixed: a new scaling law would
be needed if the design began with specification, say, of the aperture rather
than the detector sensitivity, but the support requirements would be nearly
the same. Trade-off studies in which the trajectory is varied require
repeated calculations.
Specific study results of greatest lasting value include a restatement by
qualified scientists of planetary observation objectives, the flyby trajectory
analyses, the sensor support requirements for a variety of missions and
observations, and the compatible sensor families which guide the selection
of candidate experiments and payloads.
The primary value of the methodology developed in this study is the
planning of planetary and other space exploration missions. One area of
application is the evaluation of the contribution of candidate missions and pay-
loads to exploration objectives. 'Another application is to trade-off analyses.
For example, sensor support requirements can be related parametrically to
trajectory elements. The measurement capability of a given sensor design
can be evaluated as a function of trajectory parameters by fixing sensor
design parameters.
In multi-planet flyby missions, a sensor may be optimized for best
performance at one planet, or for greatest total performance in the mission,
provided that minimum requirements are met at all planets. The study
methods can determine which approach is most effective in terms of mission
objectives or minimizes sensor support requirements.
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The study methodology is directly applicable to synthetic sensor design
as a guide to designers of actual sensor hardware. Those state-of-art limits
that restrict sensor performance are identified so that technology develop-
ment can be concentrated on these aspects. Tradeoff analyses of sensor
measurement capability versus support requirements can be made. Sensor
designs can be used in tentative selection of sensors and evaluation of payload
support requirements. Commonality of sensor component and support sub-
systems can be recognized and used in payload integration studies.
5.2 RECOMMENDATIONS FOR FURTHER STUDY
This study has covered a major portion of the field of sensor applica-
tion to space investigations. Its usefulness would be enhanced by covering
the remaining significant portions. These include other candidate missions
such as the NASA-OSSA Grand Tour baseline*, and other solar system
objects such as Pluto, the sun itself, satellites, asteroids, and comets.
However, no mission study should be performed. Additional experiments
worthy of study are imaging sensors on inner-planet flybys, particle and
field sensors to measure magnetospheric and interplanetary environments,
and atmospheric entry probe and surface lander experiments.
The utility of the results would also be increased if the results of
Contract NASZ-4494 were entered into the SERA documentation file, and if
more realistic limits were placed on some observation requirements and
sensor technology developments. The limits used in this study were based
on unrestricted scientific and technological considerations and did not reflect
spacecraft, launch vehicle, schedule, or budgetary constraints.
*This consists of Jupiter-Saturn-Pluto flyby missions launched in 1976 and 1977, and two Jupiter-Uranus-
Neptune flyby missions launched in 1979.
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